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The coming men 


RGANIZATIONS, studies, businesses and 
industries may, im today’s jargon, be 


divided into ‘ horizontal’ and ‘ vertical ’ 


categories. Members of the Institution of Mech- 


anical Engineers have during recent weeks been 
invited to register themselves in new groups under 


. these two main headings. Horizontal subjects, they © 


have been told, are generally interesting to mem- 
bers in any branch of engineering, while vertical 
subjects appeal mainly to those who work on 
them. According to the Institution, mechanical 
engineering science is divided horizontally into six 
compartments, one of which is Automatic Control. 
If other bodies follow suit, the various Automatic 
Control and other horizontal groups will meet at 
the edges, and there at least the boundaries between 
the institutions will teng-to disappear. 

Last month, at an informal discussion (reported 
at some length on p. 88), there was a tussle over 
the relative virtues of mechanical and electrical 
(more particularly electronic) engineers, and 
although the exchanges were made in good 
humour, it seems a pity to us that such an argu- 
ment could have arisen at all. Professional engin- 
eers, faced by real problems, do not drop imper- 
meable barriers between mechanical and electrical 
solutions. It is deplorable that the men who are 
concerned with dynamic rather than with static 
engineering should remain separated into appar- 
ently competitive camps. If an engineer is truly 
entitled to the epithet ‘ professional ’, he will make 
his mechanisms move by means of natural mag- 
nets, electromagnets, springs, gravity, compressed 
fluids, or whatever else comes most effectively to 
hand. Engineering itself must, by definition, 
stretch as far horizontally as any of its parts. 

We are thus led to ask what is the horizontal 
extent of our own subject. It has more than once 
been suggested in this journal that control engin- 
eering is analogous to such ‘ instituted’ activities 
as mechanical, electrical and chemical engineer- 
ing, etc. In last month’s issue Professor John West 
went further than that. He said in effect:that the 
horizontal spread of ‘ control’ is as broad as that 


_Of engineering itself, and he condemned as basically 


wrong any comparison with the accepted subdivi- 
sions. Professor West drew attention to the 
educational problems entailed, and these are dis- 
cussed afresh this month by Mr W. F. Lovering 
on p. 83. Here, obviously, are serious questions 
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for all who are concerned with the guidance of 
young entrants to engineering. 

Some of those young men had sound advice 
from Mr E. S. Sellers a few weeks ago. In his 
presidential address to the Junior Institution of 
Engineers Mr Sellers spoke of the ‘essential unity’ 
of engineering. We entirely endorse the view that 
where there is fundamental unity it should be 
fostered and preserved (although in some engin- 
eers the sense of it is never awakened, or is too 
weak to endure). If we are asked how, after such a 
declaration, we can still urge (as we have done 
repeatedly in the past) that a special institution is 
necessary for control engineers, we cannot find a 
better way to answer then by drawing on Mr 
Sellers’ address. He spoke first of people who 
‘insist on wearing the label of their initial train- 
ing and go through life maintaining that they are 
chemists or physicists or mechanical engineers or 
whatever their initial qualification has entitled 
them to call themselves ’. Then, recalling the time 
when he first went to work in the United States, 
Mr Sellers went on to tell how puzzled he had 
been when certain people there were described as 
engineers. They were doing everything from 
laboratory experiments on chemical reactions to 
the design and operation of large plants. It was 
soon pointed out to him that the word ‘ engineer’ 
was applied to a scientifically trained professional 
man with a flexible mind, a man who could assess 
almost any problem objectively. Inevitably indi- 
viduals developed specializations, but these were 
often associated with particular problems, and 
people seemed quite ready to develop new special- 
izations when assigned to different problems. 

There you have it. Nobody at any instant can 
keep his eye on everything. Specialization is 
inescapable, and special interests must be served 
(hence the need for specialized bodies), but your 
professional engineer can move around. It may 
well be that Professor West is right, and that con- 
trol engineering is so important that every pro- 
fessional engineer should be acquainted with it. 
Nevertheless, like other such all-pervasive sub- 
jects (mathematics, for instance), control or sys- 
tems engineering is bound to produce its single- 
minded devotees, and they are the ones who must 
lead its advance. At the moment, unhappily, they 
are still scattered and scarce in this country: but 
they are the coming men. 








VIEWPOINT 


A. H. Cooper—Technical Director of 
E.M.I. Electronics—in an open letter to 
the Editor, warns that you can hire 


consultants and buy information, but... 


You and I gossiped too late after the I.Mech.E. 
Conference on Computer Reliability: the result was 
that I missed my train at Waterloo and had a half- 
an-hour’s wait, which gave me plenty of time to look 
at that poster which spans two platforms and vain- 
gloriously proclaims that * British Shipbuilding Leads 
the World’. Coming so soon after Freebody’s 
opinions at the conference—voiced from the lofty 
heights of the Treasury—about the perils of com- 
placency, I found myself wondering why this sort of 
poster is put up and is believed in. 

Several Viewpoints have been devoted to the 
question of why it is so difficult in Britain to get new 
ideas accepted and get them converted into usable 
hardware. I think that poster typifies one of the rea- 
sons. There are far too many people who are con- 
vinced that everything is all right and that there is 
no need to change. There are far too many people 
who are convinced that everything would be all 
right if only the other so-and-so’s would play their 
part. 

You get a contented feeling when you think that 
We Lead the World. But the man who really does 
lead the world is discontented; being a leader gives 
no comfort (except perhaps in retrospect) but it 
demands courage. Courage to imperil this year’s 
balance sheet for what you believe in for the future; 
to put your trust in new ideas which cut across the 
experience of your lifetime; to go ahead when realists 





YOU CAN'T BUY COURAGE 











tell you to water down specifications or put back 
dates. (‘ Realist” is usually an alias adopted by a 
coward.) You need courage to go ahead when pru- 
dence bids you sit on the fence—until you’re shamed 
into action and have to snatch at a prefabricated 
and often inappropriate solution. 

You can’t buy courage; you can buy information 
and advice from consultants, but the choice between 
courage and timidity is yours. Consultants can write 
specifications and assess and appraise and inspect, 
but the only way they can save you from emotional 
conflict is by prescribing something foolproof and 
pedestrian. I’m sure that courage is the missing in- 
tangible thing that Viewpoints have been groping 
after; and we all want it, whether we be suppliers or 
customers, management or designers, research 
workers or installers; and its presence or its absence 
contagious. 

You can’t buy this courage; where are we to get 
it from? Frankly, I believe it’s within all of us; if 
we can but bring it out. Our ancestors had it in 
plenty when they went adventuring; but they had an 
urge to adventure so as to lead the world. 

The first Elizabethans didn’t put up posters about 
leading the world; they went out and fought the 
Spaniards, knowing that they needed to do it and 
could do it, and that unless they did they wouldn’t 
survive. Was there ever a closer parallel? 


Yours sincerely, 
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LETTERS 


to the EDITOR 


Too wide for undergraduates 


SIR: Proposals for establishing Con- 
trol Engineering as a primary discip- 
line, or of integrating it throughout 
engineering courses seem to assume a 
level of knowledge in the early years 
of an undergraduate course which is 
in practice never reached. 

It has been suggested that no single 
lecture to undergraduates should con- 
tain more than two new concepts and 
preferably not more than three new 
words*to be defined, If therefore, it 
is desired to introduce the concept of 
closed loop control, it is desirable that 
the individual parts-of the loop should 
be, if not familiar to the student, at 
least not novel, This consideration 
suggests that the first introduction of 
the subject should occur in the 
second, or even in the third year of 
the. Diploma in Technology course. 
The question of the breadth of treat- 
ment of the subject can be eettled 
only with reference to the type of 
engineers it is hoped to produce bear- 
ing in mind that a graduate is not an 
engineer until. he has had several 
years of experience in industry. 

Industry’s present needs seem to call 
for several types of special know- 
ledge; the “research engineer” should 
open up new fields of automatic con- 
trol; the “applications engineer” 
should be able to apply the result of 
research to practical problems and the 
“production engineer” should be able 
to design the parts. of a control sys- 
tem for economic manufacture. In 
addition there is the division between 
process control and servomechanisms 
and the variety of electrical, mech- 
anical and electromechanical control 
methods to be considered. 

The whole field is too wide to be 
included in the normal undergraduate 
course; the electrical engineering 
degree course gives a graduate a suffi- 
cient understanding of the problems 
of design of electrical machines and 
electronics and magnetic power am- 
plifiers for him to specify such ele- 
ments for contro] loops without asking 
for the impossible or the ridiculously 
expensive. His knowledge of chemis- 
try or mechanical amplifiers and of 
vibration is, however, very limited. 
The chemical engineering graduate 
has a better understanding of the 
chemical problems involved in a pro- 
cess, but has little knowledge of elec- 
tronics. The mechanical engineering 
graduate has a better knowledge of 
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mechanical problems, but usually 
knows little of electronics. 

One approach to the problem is to 
introduce control engineering as a 
final year subject. In my Department 
Automatic Control and Instrumenta- 
tion may be offered in place of tele- 
communications in the Diploma in 
Technology course. Graduates from 
this course will have a sound ground- 
ing in automatic control theory, but 
cannot in the limited time available 
cover more than a fraction of the 
wide field. 

Another solution lies in postgradu- 
ate courses. Several colleges including 
my own offer one year courses which 
may be attended by graduates in 
chemical engineering, mechanical en- 
gineering, electrical engineering and 
physics. Ideally a student should 
attend such courses after one or two 
years’ experience in industry and 
several such -students have attended 
my course. Only a few firms, how- 
ever, seem willing to release a young 
graduate for the nine months of the 
academic year, Industry generally has 
accepted the necessity for training 
schemes to produce the engineers 
which it will need; only in the field 
of control engineering is organised 
training the exception rather than the 
rule. Many firms seem content to re- 
cruit their control engineers from 
other firms in the industry, thus of 
course, producing a disturbance which 
propagates around the whole closed 
system. 

Sufficient feedback of students from 
industry to postgraduate courses could 
produce the exponential growth of 
trained control engineers which this 
country needs, Only when the num- 
bers so produced have risen appre- 
ciably does it seem likely that an 
Institution of Automatic Control 
could be established to advance re- 
search in the manner visualized by 
Dr. Westcott. 

Battersea C.A.T. W. F. LOVERING 


When Dr Westcott called for an 
Automatic Control Research Estab- 
lishment in our November issue last 
year, he cited atomic energy and aero- 
nautics as fields already having re- 
search establishments. Those establish- 
ments grew very rapidly from small 
beginnings, themselves serving an edu- 
cational function and helping to 
increase the national manpower re- 
quired for the new industries. Some- 
thing similar might seem specially 








necessary for automatic control, since 
industry is indeed so backward.— 
EDITOR 


Completely under control 


SIR: My sympathy and interest was 
evoked by the first paragraph of 
“ Pick-off ” in the December number 
of Control and its writer’s complaint 
about “that wretched g”. There is 
really no need for the confusion. 

It all begins with the omission of a 
“ proportional control factor”. The 
second law of motion expresses a pro- 
portionality viz. force proportional to 
rate of change of momentum. This, 
applied to one piece of substance, i.e. 
one mass, becomes a proportionality 
between the force (the cause) on the 
one hand and the product of the size 
of the mass and its acceleration (the 
effect) on the other. This is a propor- 
tionality between input and output. 

Had a constant of proportionality 
been inserted and retained, much of 
the confusion would never have 
arisen. Its ommission was, however, 
justified by the plea that if suitable 
units were chosen the constant is 
unity and can be omitted. Just try 
working out the equation of a pro- 
portional control system on the same 
basis and see where it gets to! How- 
ever, there it is, so we accordingly 
write the equation of the second law 
as f = ma, where f, m and a stand 
respectively for the force, mass and 
acceleration, the symbols standing for 
the actual physical quantities. This 
latter point is important. When we 
come to a calculation each symbol is, 
accordingly, replaced by a number 
and its appropriate unit or units, This 
too is important. 

Now, in selecting units for the three 
quantities we are free to choose any 
two of them arbitrarily but we must 
not do this for the third. Our hands 
are tied by our omission of the con- 
stant. The third must consequently be 
derived from the other two. Even so 
there is no limit to the number of 
choices which could be made for the 
three quantities. However it is desir- 
able that our units should bear some 
relation to the weights used in the 
world of commerce. If we take the 
weight of a certain lump of platinum 
as our unit of force we may write 
this as 1 lbf. (The Lb of the Stroud 
system is even better!) This then is 
the unit by which we express weights, 
forces and stresses. 

Next it seems sensible to take the 
mass of the same lump as our unit 
of mass, which we write as 1 Ib. Now 
the concept of mass is slightly more 
abstract than that of weight but the 
realisation that is is almost synonymous 
with inertia helps us to distinguish 
it from weight. In physical reality 
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mass and weight are as different as 
the proverbial chalk and cheese. To 
find out what is to be the derived 
unit i.e. of acceleration, we must ask 
ourselves the question “ What acceler- 
ation will be produced by a force of 
llbf acting upon a mass of 1 1b?” 
The answer is delightfully simple 
“ Drop it and see!” It turns out to 
be 32-2 ft/s?. The fact that this figure 
differs slightly from one place to 
another is, forunately, of little prac- 
tical significance and need not con- 
cern us here. We are now ready to 
write the equation in terms of these 
units: 1 lbf = 1 lb X 32-2 ft/s?. 

There are two schools of thought 
which object to showing 32:2 in their 
calculations, each claiming to have an 
absolute system, but in reality all 
that has been done is to hide the 32-2 
under the name of a new unit. Thus 
the offending number may be moved 
to another place and the equation 
written as_ 1 Ibf = 32:2 lb X 1 ft/s?. 
Now call the 32-2 lb mass by another 
name, the slug, and we have 

1 Ibf = 1 slug X 1 ft/s? 
Alternatively, take the 32:2 to the 
other side of the equation and intro- 
duce the poundal and we have 
1 Ibf 


1 poundal = 1 lb X 1 ft/s? 


32:2 
Both of these devices, although much 
used, are somewhat artificial in that 
each introduces a new unit, the one 
of mass the other of force, neither of 
which really exists! Our next step 
gives the coup-de-grace to the terror. 
By dividing our first equation in turn 
by the R.H.S. and the L.H.S. we 
obtain two expressions each equal to 
unity 
1 Ib/s? 1 lb x 32:2 ft 


=|= 


1 Ib x 32-2 ft 1 Ibf s? 

Then, remembering that the second 
law is the only bridge by which we 
can cross from the units of mass 
acceleration to units of force and vice 
versa, we use one of these unity ex- 
pressions, whichever is appropriate. 
Logically this is above question, since 
multiplying any quantity by unity, or 
its equivalent, does not alter its value. 

A simple example must suffice. 


{=ma= 50 yb x ~ 1 Toff 
1 YS x 32-2 pf 
50x20. 
= 19.9 lot 
This procedure is foolproof—and 
quite painless! The slight extra 
trouble in writing down all the units 
and cancelling out the unwanted ones 
pays handsome dividends in the cer- 
tainty with which the conclusion is 
reached. No more throwing in a ‘ g’ 
hoping that it goes into the right 
place. The process is completely under 
control from first to last. Moreover it 


is just as easy to use any combina- 
tion of units, pounds force or 
poundals, pounds mass or slugs, or 
their corresponding metric equiva- 
lents, just as they arise, and to come 
out correctly in any desired combina- 
tion of appropriate units with an 
ease and facility which is a surprise 
to those to whom units had formerly 
been a terror. 

Southampton University C.H. HELMER 


Space-vehicle attitude 


SIR: I was interested to read in your 
August 1960 Volume 3 No, 26 Page 
111, reference Space Vehicle Attitudes 
to find a recent development using 
mass ejection for attitude correction. 

It would appear to me that 
although this is probably an elegant 
method whilst the vehicle is being 
driven by a jet it might be an unneces- 
sarily wasteful method when the 
vehicle is in orbit or has reached its 
maximum travelling speed. 

For angular orientation a double 
opposed gyroscopic system could be used 
without any loss of mass. With gyro 
wheels running in opposition mounted 
on two separate but co-axial two-axis 
gimbal systems, movement about say 
the X axis could be obtained by the 
application ef self contained preces- 
sional forces by a jack applied be- 
tween the two gimbals to exert a 
torque about the Y axis resulting in 
the gyroscopes precessing about the 
X axis and taking the vehicle with it. 
A duplicate jack system could be 
arranged in quadrature to provide 
control movement about the Y axis. 
The exhaust from the jacks to the dis- 
charge tank conserves the fluid ready 
for re-compression by the vehicle’s 
auxiliary engines, 


Lewisham, S.E.13 JOHN TINDALE 


Mr Robert S. Scher writes: ‘Mr. 
Tindale’s comments regarding space 
vehicle attitude control schemes are 
interesting and well taken. Applying 
torques to the gyro gimbals and tak- 
ing advantage of the resulting preces- 
sion of the gyro’s angular momentum 
vector appears to be an effective, effi- 
cient means of attitude control. 

‘A practical difficulty that perhaps 
might be involved in Mr. Tindale’s 
scheme is the necessity of having the 
jacks mounted on the gimbals, and 
hence rotating with them relative to 
the vehicle. This would require rotat- 
ing seals of some sort in order to 
supply the jacks with pressurized fluid 
and also to drain them. Applying the 
gimbal torques by some electromagne- 
tic means would help solve this prob- 
lem, particularly if the electrical 
power source (batteries) were carried 
on the gimbals with the electromag- 
netic actuator. 


*‘ Of course, an important considera- 
tion is the total initial weight of the 
orbiting vehicle, and the total length 
of time required for operation of the 
attitude control system. If constant 
changes and adjustments in attitude 
are necessary, then the amount of 
mass carried along for ejection pur- 
poses can become prohibitive, and the 
gyro system would seem more attrac- 
tive. If however, only an initial, but 
precise, adjustment is required, a mass 
ejection system for coarse adjustment, 
and motor driven wheels for fine 
adjustment may be the better solution.’ 

— EDITOR 


Invariance 


SIR : I am very glad that your journal 
has started publishing papers devoted 
to the invariance theory, such as 
“Back and forward” by G. M. E. 
Williams in May 1960, “ Theory of 
invariance ” by L. Finkelstein in Nov- 
ember 1960, and my own paper in 
December 1960, This theory is a very 
important and progressive one. 

Unfortunately I had no possibility 
to correct my own mistake in the 
paper while correcting the galley 
proofs. The right expression for 
equation (1), p. 99, is: 


‘ 1 
6.= —=—X 
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The word “ stiffness ” in the sentence 
on p. 97, line 21 from below, is to 
be omitted. The rest of the content is 
correct in general. , 

The paper, in corrected and to some 
extent changed form, will be pub- 
lished in our Ukrainian journal 
“Avtomatika ”, N5, 1960, where there 
are always short summaries in English 
and Russian, 

Thank you very much for giving 

me the opportunity to promote the 
invariance theory among _ English- 
speaking people. My kindest regards 
to all those whom I met in your re- 
markable country. 
Kiev, U.S.S.R. A. G, I[VAKHNENKO 
Professor lvakhnenko’s original correc- 
tion was unfortunately delayed in the 
post and we received it too late to put 
the article right before publication. 

We know that we can speak for 
many others, as well as ourselves, 
when we warmly return Professor 
Ivakhnenko’s greetings.— EDITOR. 
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This year's physics show drew the usual 


crowds. Here is a control engineer's review 
of the ideas displayed 


‘Phys. Soc.’ 1961 


by G. M. E. WILLIAMS 
Northampton C.A.T. 


THE BRITISH SCIENTIST AND) DEVELOPMENT ENGINEER 
has come to regard the Annual Exhibition of Scientific 
Instruments and Apparatus as a fixed point in the calen- 
dar and to refer to it as the ‘ Phys. Soc.’. I suppose this 
use of the abbreviation for the Physical. Society follows 
from the librarians’ reference to the ‘ Proceedings of 
the Physical Society’ as ‘ Proc. Phys. Soc.’ The Exhi- 
bition has been promoted for many years by the Society 
but this year, for the first time, the sponsors were th» 
recently-formed joint body, The Institute of Physics and 
the Physical Society. Nevertheless, this Exhibition was 
described in the Official Handbook as the 45th, and 
indeed such continuity as we have all come to expect 
in the nature of the event has not been disturbed. A 
change of sponsors’ title on the Handbook and admis- 
sion tickets, and a slightly surprising omission of an 
official opening by an eminent physicist—these were the 
only obvious departures from past practice. Little else 
could be expected, in view of the fact that arrange- 
ments for the Exhibition had to be completed well ahead 
of opening day. 

This year there were 146 stands and about 1600 
exhibits on them, these figures being comparable with 
the most recent years’ Exhibitions. The event is unique 
to this country, at least for a display on such a scale, 
and as it has evolved from what now appears the, quite 
distant past, with little change in substance in the con- 
ditions which govern the acceptance of an exhibit, th> 
effect would in general be difficult if not impossible to 
conjure up in other scientific fields here, or in its own 
field abroad. The ‘Phys. Soc.’ is in many ways akin 
to other British institutions, conceived in an earlier and 
different situation, partly changed by a process of evo- 
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Fig. 1 Coefficients of a complex transfer function can 
be read quickly and directly from dials on the centre 
panel of this computer 


lutionary adaptation including change of habitat, but 
retaining the original idea. This was and is that the 
exhibits shall demonstrate the current practical work 
in the laboratory and in the field by presentation and 
demonstration of the physical instruments and appara- 
tus with which the body of scientific knowledge is in- 
creased. Originality of an exhibit is essential, so repeat 
appearances without change are disallowed. 

Originally, no doubt, the great and the very few who 
worked in physics found the event an essential and sti- 
mulating engagement, a vital form of communication. 
Today, part-drowned by the flood of published work, 
part-drugged by the information officers, and doomed 
anyway to be informed eventually by a heap of punched 
cards or a file computer, A. sapiens sc. can still take a 
short cut by visiting the Physical Society Exhibition and 
find quickly something new and stimulating in his own 
field. I doubt whether he would regard this advantage 
as an essential, as I am in no doubt the early exhibitors 
and their visitors did. He also has to exercise all his 
powers of patient investigation to run the prizes to 
earth. I would ask those who grumble hard and long 
about the * Phys. Soc.’ to consider whether they can 
equally well and as rapidly obtain elswhere all th: 
information there displayed, albeit incomplete, and as 
science and as novelty spread over so wide a range of 
quality. It has helped to keep my picture of the devel- 
opment of the physical sciences on the move over the 
years since the war, and by crushing most of the active 
centres’ contributions into not very comfortable sur- 
roundings, offers opportunities for some brief appraisals 
of trends and relative progress in different quarters. 
Such appraisals on incomplete data are of only partial 
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Fig. 2 (left) Laboratory experimental model of a predictor that responds to 


instantaneous input 


Fig. 3 (below) Electron spin resonance spectrometer 


value but, unless one has supernatural powers and pre- 
rogatives, it is difficult to envisage how more sound 
indications of very recent work can be collected in the 
course of a working day. 


Control and prediction 


There was little attention to automatic control as 
such. Mr G. G. Gouriet, of Wayne Kerr Laboratories 
Ltd, is a new name in this field, a transplantation from 
telecommunications research in the B.B.C., and as some- 
times happens when fresh minds are brought to bear 
his results are interesting, even unconventional. His 
company had two exhibits concerned with control tech- 
nique, the transfer function computer (Fig. 1) and a 
laboratory experimental model of a predictor (Fig. 2). 
The former device is for the measurement of transfer 
functions of elements over the frequency range 0-01 c/s 
to 500c/s by feeding back the response of the element 
under measurement to the computer. The transfer func- 
tions may have terms up to the fourth order in the 
numerator and the sixth order in the denominator, a 
setting knob divided to three significant figures being 
provided to adjust the value of the coefficient of each 
term. The computer has a cathode ray tube balance 
indicator to compare the response of the element with 
that of the instrument, and this shows when the transfer- 
function with coefficients set by the knob corresponds 
in gain and phase to that of the element being mea- 
sured. The values of the coefficients are then read from 
the knobs in the corresponding positions in the terms of 
the transfer function, so completing the analysis. 

The predictor is based on another view by Mr Gouriet 
of his paper* published in 1957. As as example in that 
paper he took the transfer function: 

1 1 
el acid NL Ch ... (13) 
f(p) = + pr, + per, + pr, + pir, 
and established by his preceding analysis the values tha: 
the coefficients of p must have for the group delay to 
be constant in the maximally flat sense. Substituting 


*Gouriet, G. G.: ‘ Two Theorems Concerning Group Delay with Practical 
Application to Delay Correction’, Proc. LE.E. Part C. 105. 7. March 1958, 
pp 240-244. 
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jw for p he eventually obtained his equation 17 on sub- 
stitution in his equation 13 so that 


f(p)=1+ p/wo+K(p/w)® +(K —4)(p/ wo)8+4(K—*/s)(p/ wo)’ ... (17) 


Here K is now an arbitrary constant, and he plotted 
normalized group delay in Fig. 1 of his paper, for vari- 
ous values of K, and showed it to be maximally flat for 
K = 3/7. 

Subsequently he saw that this maximally flat condi- 
tion was that required for an accurate predicting device. 
The demonstration exhibited (Fig. 2) is the result, and it 
consisted of a random function generator, limited in 
band-width to 0°1 c/s from d.c., connected to a fourth- 
order system. The generator input to the system was dis- 
played on a pen recorder. The system computed the pre- 
dicted behaviour three seconds in advance of the input 
and from its present instantaneous value, the prediction 
being displayed on a pen recorder similar to the input. 
Good agreement in form between input and output was 
seen. Mr Gouriet claimed that his predictor differed 
from other types because they made use of statistical 
weighting of previous inputs, whereas his was respon- 
sive only to the instantaneous input. 

The N.P.L. had an adaptive control system on show, 
designed especially for experimental work in this field, 
and Elliott Bros (London) showed their Optimat pro- 
cess optimizer. 


Instruments and methods 


A glance at Control for last month gives a rough 
indication of the balance of interest. The properties 
measured by exhibits under the heading of analytical 
equipment were diverse, with chromatography a fairly 
frequent topic. Radiation spectrometry whether using 
wave-lengths in the visual range or otherwise, was 
not much in evidence, perhaps an expression of the 
extent to which this field has reached the state of detailed 
development and industrial application. There was very 
little mention of electron microscopy and even in those 
quarters (or is it that quarter?) of the Exhibition where 
it was for many post-war years a mainstay, one might 
say the sheet anchor or groyne of the stand, other tech- 
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niques in this difficult sphere of composition analysis 
were on view, notably mass spectrometry and electron 
spin resonance spectrometry. Hilger & Watts’ version 
of the latter is illustrated in Fig. 3. E.S.R. is not a sub- 
$titute for the earlier-developed technique of nuclear 
magnetic resonance but is complementary to it, and will 
permit some more of the unknown, particularly in com- 
plicated or hitherto intractable problems in industrial 
analysis, to be illuminated, measured and brought under 
control. 

The palm in the analytical equipment exhibits prob- 
ably goes to the Research Laboratory for Archaeology 
and the History of Art in the University of Oxford. It 
was the largest University stand I think I have seen in 
this Exhibition for a long time, and it was resplendent 
with rack upon rack of very sophisticated equipment. 
It includéd a high-vacuum automatic X-ray fluorescent 
spectrometer to permit large specimens (pots, bronzes 
etc) to be chemically analysed for all elements in the 
periodic table down to carbon, non-destructively. There 
were also some magnetometers and a transistorized 
f-ray back-scatter meter for investigating ceramic glazes. 
We must be forewarned, for a degree in archaeology 
may become the sine qua non for a top job in oil refin- 
ing or some other field that instrument and control 
engineers have felt convinced is theirs inviolate so far. 


Data processing 


Attention to thin-film techniques for data processing 
was limited but interesting, although state and com- 
mercial security limit the exposure of work in this sub- 
ject and on microtechnique generally to a level well 
below its ultimate importance. The Royal Radar Estab- 
lishment were nevertheless the most forthcoming in 
describing techniques employed in miniaturization, 
which is something of a paradox. 

There was a notable absentee in the digital differential 
analyser. Logical units were on show from the well- 
known sources, and joined by W. H. Sanders with some 
toroidal transductors as the basis. Magnetic-amplifier 
devices otherwise were not much in evidence—another 
change from recent years. Analogue-to-digital converters 
and their conjugates were also little exhibited. 

Mr Peter Wiggs of the Morgan Crucible Co. showed 
an electronic analogue of a kiln in which the tempera- 
ture-time duty cycle was non-linear. Mr Wiggs’ inter- 
est in this analogue was to study the economics of fuel 
consumption during the cycle. The analogue (Fig. 4) 
was a laboratory bread-board model which had served 
Mr Wiggs’ purpose. He thought (and how I agree with 
him) that there should be more displays of the kind at 
the Exhibition. : 

Some measurements which have been carried out by 
established methods for many years have been solved 
by new approaches. Avo showed an idea for nuclear 
counting which has graced the Exhibition before. It 
is due to staff in the U.K. Atomic Energy Authority and 
had been developed to the prototype stage by the ex- 
hibitor. The count is made by circuits using transistors 
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and ‘ square loop’ magnetic cores, the latter being ar- 
ranged in an annulus around the moving indicating 
system. This system consists of a magnetic compass sus- 
pended so that it rotates to the position of the core in the 
annulus which is in the magnetic condition to indicate 
the count made by the unit. Each unit counts from 0 to 
9 and while the moving indicating system will not follow 
high counting rates, which can extend to | Mc/s, it will 
assume the final count when it has been reached. Fur- 
ther, when the power supply is cut off the count con- 
tinues to be indicated and is not lost, as it is with 


. electronic scalers with meter or gaseous discharge indi- 


cation. A further claim for the instrument is very low 
power consumption at 0-25 »A/count/s at 15 V. 
In quite another field of measurement, and one of 


"the oldest, Taylor, Taylor and Hobson showed an elec- 


tronic level. The spirit bubble is replaced by a pendu- 
lum whose displacement is electrically transduced and 
displayed on a needle indicating meter on which the 
value per division can be as small as two seconds of 
arc. Remote indication of level is available, and clearly 
also the device is the basis for an automatic levelling 
system of considerable sensitivity. 














































Fig. 4 Bread-board electronic analogue of a kiln with non- 
linear temperature-time duty cycle 


The apprentices submitting work in the Craftsmanship 
Competition seemed to me to come from a larger num- 
ber of firms than last year, which is a healthy develop- 
ment. Clearly we have the young men coming on who 
will be able to keep on making Britain’s glory, which is 
a superbly designed, constructed and finished instru- 
ment. 


Hints for next time 


Next year I hope the Exhibition may be able to make 
a few changes. Could not some exhibits which are of 
the same type of instrument be grouped together instead 
of segregated on the exhibitors’ stands with sometimes 
incongruous items from remote fields alongside? And, 
please, may we have the Handbook printed on lower- 
weight paper, and more consideration given to easy 
reference in it? 





What’s wrong 
with 
d.p. machinery 


Last month’s soul-searching 
at the I.Mech.E. revealed uncertainties 


about philosophy, costs, competence, 


research and technique 


THE IDEA OF HOLDING THIS MEETiNG,* EXPLAINED THE 
chairman of the opening session, was sparked off by a 
feeling that the mechanical side of data processing was 
not completely satisfactory. The chairman (A. W. J. 
Chisholm, Royal Technical College, Salford) went on 
to say that reliability would demand more and more 
attention as manufacture came under automatic control. 

H. A. V. Bulleid (British Nylon Spinners) started th> 
first session going by trying to define ‘ reliability ’. His 
definition was ‘ percentage availability, for use when 
required, within specified accuracy tolerances’. * Avail- 
ability" meant the time specified by the engineer as 
‘ available’, and excluded scheduled maintenance—and 
emergency maintenance. There was a finite limit to 
‘accuracy’, and it was surely better to face that and 
encourage the user to monitor more. This was more 
valuable than striving for perfect accuracy. 

Following Bulleid to the rostrum, J. W. Freebody 
(Treasury) said it was often overlooked that the mech- 
anical content of automatic d.p. systems was very con- 


* Informal Discussion on the Reliability of Mechanical Engineering Parts of 
Data Processing Systems, Institution of Mechanical Engineers, January 5, 1960. 
Our report of the mecting is necessarily very much abridged. A full report 
will be available from the Institution at £1 per copy. 


es 


siderable, and that it was useless to have a computer 
which was 100% reliable if the mechanical bodies 
around it were not of the same order of reliability. 
About ten years ago it was a matter of amazement 
that an electronic computer should work at all. Nowa- 
days many of them worked extremely well, and there 
had been considerable advances on the electronic side. 
Something had to be done to make the mechanical side 
measure up to the electronic. One could change a capa- 
citor or whatever it might be in hours or days, and 
modification was much easier than with mechanical 
equipment. He felt that there were too many attach- 
ments, afterthoughts. One obviously could not foresee 
everything, but market research should be done and 
the design should be an integrated whole. In the quest 
for reliability one had to consider first cost, but this 
was not the only cost. The important thing was annual 
charge. ‘If customers, need education to realize this’, 
added Freebody, ‘then they should be educated ’. 

H. McG. Ross (Ferranti) said that isolated errors 
were extremely insidious, and stated bluntly that these 
had to be reduced by a factor of ten or a hundred. 
How could such improvements be obtained? Manage- 
ment should consider whether it was possible in the 
mechanical engineering business to copy from the elec- 
tronic industry, where great advances had been made 
in a relatively short time. Electronic parts were being 
designed by teams led by men of Ph.D. standing. Were 
there comparable conditions in mechanical engineering? 
There was movement in the electronic industry, so that 
people gained wider experience. In many teams there 
was an atmosphere which allowed mistakes without 
holding them against men too much. If people were to 
have new ideas and try them, it was no use holding it 
against a chap if nine out of ten of his ideas were bad. 
‘Why not let the price of this equipment go up?’ asked 
Ross. With the extra money they could develop new 
techniques to achieve reliability. The actual proportion 
of cost in a complete data processing installation of the 
purely mechanical part was seldom more than 5%. 
The greatest hope of progress lay in time-sharing and 
electronic operation. Electronic engineers had got fed 
up with waiting for the mechanical engineer to make 
the grade, so they had devised the time-sharing tech. 
nique whereby the computer could keep many mech- 
anisms going simultaneously. All the decoding and stop- 
ping and starting and so forth, and accurate timing, 
should in future be electronic, leaving the work for th: 
mechanical engineer so much simpler. 

A B. Barnes (Leo Computers) asked whether there 
was need for stand-by equipment. If the break-down 
rate could be reduced then the cost of stand-bys (a 
printer might be 10% of the cost of a complete installa- 
tion) could possibly be avoided. The repair time, the 
time to get equipment going again, had to be low, at 
about the level of fifteen minutes, and should not depend 
on the presence of a brilliant engineer. The equipment 
often knew more about what was wrong than the person 
trying to deal with it, and the idea of equipment ‘ talk- 
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ing’ to the person mending it was quite feasible. Re- 
placement struck one as better than mending, but it was 
vital that a replacement module should not require 
lengthy adjustment with the rest of the equipment. 
‘. The chairman opened the meeting for general discus- 
sion, drawing attention to the comparison that had been 
made between the mechanical and electronic contribu- 
tions. The first speaker (Bennett, A.E.I.) suggested in 
explanation that electronic equipment tended to be an 
assembly of special components (like resistors, capaci- 
tors, transistors) made by experienced manufacturers, 


while the mechanical engineer tended to make every- . 


thing himself. The intellectual quality of electronic and 
mechanical designers was about equal. He thought that 


the cost of a typical d.p. installation would be roughly _ 


equally shared between the mechanical and electronic 
parts, and a fourfold increase, or even a doubling, of 
the cost of the mechanical portion would be a serious 
handicap. ; 

Figures given by a later speaker (Nichols, of Boot’s) 
showed that the number of electronic failures in seven 
months’ operation of his firm’s computer at Nottingham 
had been eniirely comparable with the number of mech- 
anical failures, but the majority of electronic faults 
could be removed before they caused trouble. Mechani- 
cal faults halted programs’ in a’ ratio of 10:1 in terms 
of lost machine time. Telephone equipment, he added, 
worked 24 hours a day, with highly unreliable compo- 
nents, and managed it because there was no stop for 
maintenance. Redundancy was essential. 


Quality of mechanical engineers 

After the chairman. had drawn the discussion back to 
the quality of mechanical engineers, T. N. Gillbe 
(Borough Polytechnic) traced the trouble to the lack of 
small-mechanism-design training. J. R. Halsey (1.B.M.) 
found the fault in a national attitude. He spoke of 
his experience with switches that would carry 10° opera- 
tions before breaking down—and of his bitter exper- 
ience with a car gear-box which had broken down after 
about 10* operations. A. H. Cooper (E.M.I.) then eased 
the strain a little by saying that he could speak with 
considerable affection, and almost reverence, of some 
mechanical engineers in this country, but so many had 
been put on to making gyros for guided weapons rather 
than high-speed printers. H. Tipton (1.C.1.) also spoke 
up for the mechanical engineer. As a physicist, he 
thought that the electronic engineer had an easier job 
than the mechanical because electronic systems obeyed 
equations more closely and could be tested in compo- 
nent parts by instruments like voltmeters. The counter- 
attack was carried on by another speaker (Jonés, Data 
Recording Instrument Co.) who queried very strongly 
whether a Ph.D. or any other degree conferred a flair 
for design. The electronic engineer worked more on 
paper than the mechanical man, because he knew he 
could get his standard components within certain toler- 
ances, but one needed a lot of practical experience to work 
with metal and hardware. J. W. Nichols. (U.K.A.E.A.) 
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then pointed out that the electronic engineer used feed- 
back to get round the difficulties of * standard ’ compo- 
nents which were not standard. Could this be applied 
in the mechanical field? 

L. Landon Goodman (E.D.A.) saw a glorious future 
for the mechanical engineer. In the United States it 
was being said that ‘if it works it is obsolete’, so 
mechanical engineers were not obsolete. 


Computer design and manufacture 


The chair was taken by L. Landon Goodman for the 
second session. W. A. J. Davie (Elliott Bros) opened 
by saying that electrical failure was always preceded 
by a mechanical failure of some sort. The most impor- 
tant factors calling for ingenuity in design were tem- 
perature stressing, vibration, dirt, and human usage. 

A. H. Cooper (E.M.L.) looked back ten years to com- 
puters that were essentially a lot of wireless sets put 
together—needlessly expensive, heavy and strong. Today 
they had moved very largely towards printed cards, 
though these had had a troublesome history. Cards did 
not like being bent, and another source of difficulty was 
the use on them of components more rigid than the 
cards themselves. Components were soldered to the 
wiring, in the old days with soldering irons and con- 
siderable risks. Nowadays the number of dry joints 
had come right down. His company had found no sub- 
stitute for prolonged vibration testing to discover them. 

Printed cards had to be interconnected, and the stan- 
dard connexion was the plug and socket.- Any electronic 
development engineer would tell them just how lousy 
plugs and sockets were, but men in the field found them 
among the least troublesome components. This. was be- 
cause the behaviour of a plug and socket depended criti- 
cally on the discipline applied in assembly. He liked 
wrapped connexions very much as an alternative to sol- 
dering plugs and sockets, but not in computers. They 
were large compared with soldered joints, but a bigger 
disadvantage was that a joint could not be unwrapped 
without risk of a short circuit. With ordinary electrical 
equipment one should probably switch off while doing 
this, but one could not switch off a computer while it 
was being maintained because one would probably be 
running a program. An alarming number of computers 
suffered from ‘ morning sickness’ when switched on. 
It was a very good thing to keep them running, People 
talked with hushed voices about 24-hour-a-day work- 
ing, but that was just what a computer loved. 

Taking over the rostrum from Cooper, J. R. Halsey 
(I.B.M.) explained how the environment of a computer 
affected its serviceability and had therefore to be con- 
trolled. Temperature, humidity, dust and vibration were 
the factors. It had been said some time ago that tran- 
sistorized computers would cure heat-disposal troubles, 
but they had made them worse. Though watts per cir- 
cuit had gone down, circuits per unit volume had gone 
up, and one ended up with the same watts per unit 
volume and a very much. more restricted. passage for 
much greater quantities of air (transistors were more 








sensitive to temperature rise than valves). A major tech- 
nical break-through was required to get this problem 
under control. There was a tendency to change from 
air to oil as a heat transporter. Another way was to 
provide good conducting paths through the structure. 

Opening the meeting to general discussion, the chair- 
man asked whether it was time to re-think the whole 
design of this equipment. Was it right to sell a unit in its 
nice pressed-steel case and think this the be-all and 
end-all? Such units were not easy to service. Did the 
suppliers often make sure that the customer had a 
room prepared with the proper conditions and plant 
adjacent, with electronic equipment put around on 
racks? F. J. M. Laver (G.P.O.) responded immediately 
to the chairman’s question because, he said, this sub- 
ject was his hobby horse. He thought the trend towards 
ever smaller computers and ever glossier cabinets was 
a very bad one. Volume and floor area were not very 
significant to the user—provided he could separate the 
heat-producing from the electronic parts (in not many 
ships was the engine carried on the bridge). 

A. Bennett (A.E.I.) questioned whether heat dissipa- 
tion actually increased in the transistor machine. After 
all, a transistor did dissipate much less power than a 
valve, and components associated with transistors could 
be smaller, themselves dissipating this power. His com- 
pany had found substantial savings in space and cool- 
ing required. J. R. Halsey replied by referring to a 
customer who had changed his computer every eighteen 


months, each time for one with eight times the previous 
capacity. This customer had now had four successive 
computers, all of which had fitted into the same room, 
required the same power, and pushed out the same 
amount of heat. 


Poor research effort 


A. W. J. Chisholm (Royal Technical College, Salford) 
commented that soldered or wrapped joints and so on 
were obviously of the essence of reliability over quite 
a big range of this equipment. Could anyone tell him 
how much basic research had been done? He had (in 
about 1953) seen what looked like some very fundamen- 
tal academic research on wrapped joints at the Bell 
Telephone Laboratory (where there were some 6000 
researchers)—a good Ph.D. topic, from the look of it. 
What comparable work had there been in this country? 
W. A. J. Davie (Elliott Bros) answered that his firm 
had conducted fairly strong investigation into flow and 
dip soldering: not on the Bell scale, of course: probably 
three people were looking at it for about six months. 
A. H. Cooper confirmed that nothing like the Bell 


research was going on in this country, but, thank God, 
Bell did publish. 


Peripheral equipment 

G. H. Townend (Guest Keen & Nettlefold) chaired 
the third and final session. F. J. M. Laver (G.P.O.) 
opened by saying that many electronic engineers’ atti- 
tude to peripheral equipment was rather like their atti- 
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tude to drains: both were unfortunate necessities, both 
were eagerly ignored while they worked, and both were 
supremely offensive when they went wrong. This situa- 
tion arose partly from the patronizing attitude permitted 
themselves by most practitioners of new techniques, 
and partly from the continuing fragmentation of engin- 
eering. A deliberate effort was needed to co-ordinate 
electronic, electrical and mechanical contributions. 

P. W. Pearson (Creed) said that although complaints 
of unreliability were completely justified in the early 
days, machines were now available to give long periods 
of trouble-free service. It would be interesting to ask 
users what proportion of their complaints applied to 
current equipment. L. Knight (1.C.T.) supported the 
defence. The detailed records of his company’s service 
engineers showed the reliability of peripheral equip- 
ment to be roughly the same as that of the central elec- 
tronic equipment. One might well ask why the elec- 
tronic box was not very much more reliable than the 
electromechanical box, having no moving parts to wear 
themselves out. Reliability prediction was more difficult 
with electromechanical than with electronic equipment 
because of the more complicated interconnexion and in- 
teraction between unique parts. 


Responsibilities and remedies 

The first speaker in the general discussion, J. Kason 
(E.M.I.) backed up Knight’s equal apportionment of 
blame, but A. Russell (N.E.L.) said he had found 85% 
electrical and 15% mechanical faults in a digital 
machine. I. V. Idelson (Mullard) thought that perhaps 
these ratios did not mean much; but, he emphasized, 
users found mechanical faults a particular nuisance. 
They would like to have a way of knowing whether 
their mechanical equipment was in order or getting 
near the edge of its adjustment. It might be possible 
to provide timing contacts and so forth, and points for 
oscilloscopes, to give rather quicker indications than 
one got at the moment. R. D. Lacy (Associated Auto- 
mation) denied that it was difficult to detect when a 
mechanism was going to lead to trouble during the 
next day’s operation, although it was difficult to judge 
whether there would be a catastrophic failure. All 
readers could be set up easily with the aid of an oscillo- 
scope. It was quite impossible to check this kind of 
equipment by means of standard mechanical adjust- 
ments or preset limits, and it was essential to test it in 
the way that it was eventually tobe used. 

H. McG. Ross (Ferranti) advocated ‘ worst-case’ de- 
sign, assuming that every component in a system simul- 
taneously reached worst tolerance. This method had 
helped his company make the grade in the electronic 
field. Another thing which had helped them to make the 
grade was negative feedback. 

‘It would be quite impossible for me in any way to 
attempt to -summarize what -has -been said ’, concluded 
the chairman at the end of the day, but he thought they 
had had a very interesting discussion. Most of the 
departing delegates agreed with him. é 


CONTROL February 1961 





Although the attitude of some is coloured 

by their apparently greater faith in program control, 
German machine-tool builders have made serious 
approaches to numerical control 


GERMAN DEVELOPMENTS 
IN NUMERICAL CONTROL 


by R. C. BREWER 
Imperial College of Science and Technology 


ONE OF THE MOST CONSPICUOUS FEATURES OF THE FIRST 
decade of numerically-controlled machine tools was the 
almost complete absence of any interest on the part of 
European machine-tool builders. Also, early surveys 
(J, 2) showed only one control system of continental 
origin namely that of the Berliner Maschinenbau A.G. 
(formerly L. Schwartzkopf); ‘this was an extremely 
simple system, with no feedback in the strict sense ‘of 
the word, so that the term ‘ numerical control system ’ 
could only be applied to it in virtue of its method of 
handling the command information. 

With a substantial part of its machine-tool industry 
devoted to the general-purpose type of machine tool, 
Germany’s neglect of numerical control may seem 
rather surprising at first sight. Upon reflexion, however, 
one can see several factors which must have influenced 
German manufacturers of both machine tools and con- 
trol systems. Firstly, the potential market must have 
appeared very small six or seven years ago, and, with 
several British and American companies already active 
in this field, a policy of restraint was possibly prudent. 
Moreover, the costs of research and development were 
known to be very high, even for positional control sys- 
tems, so that the possibility of recovering capital expen- 
diture in a reasonable time would have seemed remote. 
This contention would seem to have been borne out by 
the subsequent experience of many companies who 
entered the numerical control field with more enthu- 
siasm than forethought. 

A second factor was the attitude of the German 
machine-tool industry to automatic operation. Until 
recently, German machine-tool builders thought almost 
entirely in terms of inexpensive control systems which 
did no more than ensure (i) that the machining opera- 
tions were performed in the correct sequence and 
(ii) that the moving elements (such as tool-holders) were 
stopped. in .the. correct . positions. at the end of each 
operation. The former function was achieved by the 
use of some form of stepping switch, and frequently, 
when the machine tool had a hexagon turret, the 
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indexing of this turret was used instead of an external 
stepping mechanism. The latter function was performed 
by ‘setting-dogs’ or trips in special guide-ways pro- 
vided on the machine-tool bed and table. 

In this type of program control the program for the 
sequence of operations is set up on a plug board or 
matrix array of switches. By contrast with the situation 
found in numerical control, a recent survey of program- 
controlled machine tools (3) showed a high proportion 
of German manufacture. For certain highly specialized 
machine-tools, such as gear-cutting machines, program- 
control offers almost as much as numerical control 
at a considerably lower price. For general-purpose 
machine tools, however, program control imposes the 
limitation that the table (or carriage) can only move 
along the natural axis of the machine since, between 
the beginning and end of a movement, the table is sub- 
ject to no feedback control. In spite of this limitation 
there is a not inconsiderable field of application for 
program control, and the German machine-tool makers 
obviously relied more on it than on numerical control. 


Awakening to numerical control 


It has also been suggested that, ten years ago, the 
German electronics industry was not in a state to cope 
effectively with the research and development needed 
for numerical control. Recently, however, there has been 
a considerable increase in the interest displayed by 
German machine-tool builders in numerical control. 
About a dozen companies are offering machine tools 
equipped with numerical control, and details of these 
are summarized in the accompanying table. Not every 
company is publicizing numerical control with the same 
enthusiasm as it gave to program control, but evidently 
there is an awakening feeling in Germany that numeri- 
cal control can no longer be ignored. 

It will be seen.from the table that .three control. sys- 
tems are British or American and the remainder Ger- 
man. The balance between the numbers of positional 
and continuous-contour systems is comparable to the 
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distribution here and in the U.S.A., although in fact 
only one of the two continuous-contour systems is 
German, the other being the well-known E.M.I. ana- 
logue system. Of the machines with positional control 
the most popular is the drilling machine, although the 
most interesting feature is the presence of two vertical 
milling machines in the list. Clearly, this type of 
machine really requires a continuous-contour control 
system, and the use of positional control limits the 
movement in the same ways as it is restricted in the pro- 
gram-controlled machine. In these circumstances, 
numerical control is applicable only to the same com- 
ponents as program control; and its advantage over 
program control lies solely in the easier programming 
and setting-up of the machine. To this extent, it would 
appear that at least a section of the German machine- 
tool industry, still regards numerical control not as an 
approach more advanced and sophisticated in form 
than program control, but as an alternative to it, to be 
used when components have to be produced in several 
small batches over a period of time rather than in one 
large batch at the outset. 


Standard storage media 


A glance at the table will show that German control- 
system manufacturers have realized one advantage from 
not being pioneers, namely a much greater degree of 
standardization with regard to permanent storage media. 
All control systems with a serious storage medium 
employ punched tape in preference to punched cards, 
and the only tapes which are not of the five-channel 
type are those for the two American control systems. 
The Germans have rejected the eight-channel tape 
(which is now the American standard), probably for the 
following reasons: 


a Five-channel tape is the input for the main German 
computers (Siemens 2002, Zuse Z22 etc.). 


b The international telegraph code is five-channel. 


c¢ The use of five-channel tape is wide-spread in the U.K. 
and U.S.S.R. It will be noted that, in half of the systems 
where a permanent storage medium is provided, the interna- 
tional telegraph code is used. In the remaining systems a 
special code or 5/3 code (4,5) is used. 

Each of the first three items in the table is a plain 
drilling machine equipped with a simple co-ordinate 
positioning system. No permanent storage medium is 
provided in the true sense of the word, although the set- 
ting of the Berliner Maschinenbau system may be faci- 
litated by the use of a punched card which can be laid 
over the plug-board. The advantage of such punched- 
card over manual setting of decade switches may be 
rather questionable, but the system has been described 
in the table as having permanent storage facilities. 

The analogue system of the Collet and Engelhard 
machine employs synchros for the transducers—this 
form of transducer, in fact, is common to all the ana- 
logue systems of German origin. The Scharmann and 
Berliner Maschinenbau systems are digital, the former 
using digitizing disks for the transducer, while the lat- 
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ter employs a more complicated measuring system. In 
essentials, the distance through which the table has to 
move (along a given axis) is built from a series of stan- 
dard gauges placed end to end. The gauges are arranged 
in sets corresponding to the digits for the tenths, units, 
tens etc. of millimetres, each set being accommodated 
around the periphery of a drum which is indexed from 
the numerical information set on the plug board. Thus, 
the table is under effective control only in the final de- 
celeration which follows the closing of the limit switch. 

The remaining positional control systems have per- 
manent storage on either five- or eight-channel punched 
tape. With such systems, it is of considerable advan- 
tage to have some buffer storage between the tape 
reader and the control system, and the data in the table 
show that transistor and relay stores are most popular. 

In addition, the analogue systems for the Karl Hiiller 
and Fritz Werner machines have digital-analogue con- 
verters coupling the buffer store to the control system. 
The Hiiller drilling machine is equipped with the 
synchro system of the American General Electric Com- 
pany of Waynesboro, Va. This has been described ade- 
quately elsewhere (/). Basically, the numerical informa- 
tion from the tape reader is fed to a circuit of tapped 
transformers which provide an analogue voltage corres- 
ponding to the relevant co-ordinate of the next table 
position. This voltage is compared with the output from 
the synchros geared to the leadscrew, the table being 
driven by a d.c. motor until there is coincidence. 

The Fritz Werner milling machine, controlled by the 
Brown Boveri positioning system, was first shown at 
last autumn’s Hanover Exhibition. This was a special 
machine with only one feed-motor, so that the co-ordin- 
ate movements had to be executed consecutively, but 
the production models will be equipped for simultane- 
ous movement along the axes. In spite of this, the sys- 
tem is only a positional control system, and its use for 
continuous milling is only possible by restricting its 
mode of operation to that of a program-controlled mill- 
ing machine (as discussed earlier). 

The Heller and Kolb drilling machines require only 
two-axis control and employ simple optical gratings for 
the feedback information. The pulses from the photo- 
diode, which views each grating, are fed to a counting 
circuit and subtracted from the digits set by the com- 
mand information. As the residue approaches zero, the 
table is decelerated and moves towards its final posi- 
tion at an inching speed. It is of interest to note that the 
control system used with the Kolb machine was devel- 
oped by the technische Hochschule, Aachen; this is the 
German counterpart of the Massachusetts Institute of 
Technology, where much of the original work on 
numerical control was carried out. 

The Bohle and Burkhardt und Weber machines are 
controlled by systems using special forms of digitizing 
disk. The S.E.L. system on the Bohle milling machine 
employs an optical disk and generates the pulse train 
photo-electrically. The Burkhardt & Weber machine 
is a special-purpose three-axis machine. The transducer 
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PERMANENT 
STORAGE MEDIUM 


TYPE OF MANUFACTURER NO. TAPE(T) NO. OF ANALOGUE 
MACHINE (IF DIFFERENT OF OR CHAN- BUFFER OR 
FROM COLUMN 1) AXES CARDS(C) NELS CODE STORAGE DIGITAL TRANSDUCER DRIVE 











+ Drilling S.S.W. (Erlangen) 2 - — A Synchros D.C. motor 
+ _ Drilling 2 7 - p —PuwitZINE D.C. motor 
7 Drilling 2 S — Relays D mageeeD Hydraulic 
. . . cae Optical atl 
T Drilling/ milling 2 T 5 1.T. Transistors D grating Hydraulic 
tT HERMANN KOLB G.nr Radial drilling oa 2 T 5 5/3 Transistors D a 3© motor 
+ KARL HULLER G.m.b.H Turret drilling AmericanG.E. 4 T 8 Special Relays A Synchros D.C. motor 
; Company pecia elays Synchros C. me 
+ FRITZ WERNER A.G Vertical milling Brown Boveri 3 T 5 5/3 Relays A Synchros 30 motor 
+ REINHARD BOHLE K.G Vertical milling S.E.L. (Pforzheim) 3 T 5 LT Relays D — 3© motor 
Special-purpose Hughes Aircraft ae , 
BURKHARDT & WEBER K.G ean Colin hagietl T 8 Special Piha D Denes Hydraulic 
a Binary- Synchros 
DROOP & REIN AG Milling E.M.I. 23 T 5 coded Relays A and D.C. motor 
decimal Inductosyn 
WALDRICH G.m.b.H Rollturning = A.E.G. (Berlin) 2 T 5 LT. Transistors A Synchros D.C. motor 





of its control system generates pulses by an alternation 
of magnetic and non-magnetic sectors, and sensing is 
electro-magnetic. As with the optical grating systems, the 
feedback pulses are fed into an electronic counting cir- 
cuit for comparison with the number of commanded 
pulses. ; 


Continuous-contour control 


Both of the continuous-contour control systems are 
analogue, but they differ with regard to the stage at 
which the digital-analogue conversion is effected. The 
E.M.I. system, which is well known in. this country, 
converts to analogue form at an early stage and per- 
forms a parabolic interpolation on the analogue volt- 
ages which represent the major and minor points defin- 
ing each span. The A.E.G. system, on the other hand, 
delays the conversion to analogue form until after the 
interpolation; this somewhat reduces the amount of 
sheer calculation in determining co-ordinates, since it 
offers the flexibility associated with digital interpolation. 
Here, there must always be a compromise between a 
simple interpolator which demands a large number of 
co-ordinates and a highly complex interpolator which 
will perform satisfactorily with the barest information 
about any mathematically defined curve. The Allgemeine 
Elektrizitats-Gesellschaft decided to follow a middle 
path; interpolation is effected for straight lines on a 
basis of the final point only, and, for circular arcs, with 
only the final point and the centre of curvature—all 
other curves must be defined by sufficient points to 
avoid ambiguity. 

The numerical and functional command information, 
in the A.E.G. system, is encoded on five-channel tape 
according to the standard telegraph code, co-ordinates 
being expressed in hundredths of a millimetre (say, 
0-0004 in). Before interpolation, the co-ordinates are 
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* Continuous contour control. 


+ Positional control. International Telegra ph Code 


1.T. 


converted from decimal to binary form, the capacity 
being twenty binary digits. The interpolation section is 
followed by a system of tapped transformers which 
function as a digital-analogue converter (6). 

Synchros coupled to the leadscrew are used as trans- 
ducers, and pitch errors in the leadscrew are compen- 
sated so that there is no need to allow for them in the 
programming stage. The comparator is, in effect, a 
phase-sensitive bridge. 

One of the machines for which the Droop and Rein 
company is best known, is its profile milling machine. 
The type of work for which this machine is used 
is, in general, well-suited to numerical control, and 
it is not surprising that the company decided to 
employ some form of continuous-contour control. This 
system used is the E.M.I. parabolic-interpolating system 
which has been adequately described elsewhere (/). It 
will suffice to say that the 24.D version is used, i.e. 
there is continuous control in two dimensions for some 
discrete value of the third dimension. This is quite satis- 
factory for most profiling machines, since the surface 
is invariably generated as a series of curves in closely- 
spaced parallel planes. This is, in fact, a quite logical 
way of generating a surface with a tool which gives 
virtually point contact; indeed a fully three-dimensional 
system is probably only of use when some portion of 
the surface is more easily generated in planes perpendi- 
cular to those used for the remainder of the surface. 
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The computer needed for control work is 
different from the general run of machines. 
It is important that the design of a control- 
ling computer should reflect its purpose 
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GENERAL-PURPOSE DIGITAL COMPUTERS WERE USED FOR 
the early applications in the process control field be- 
cause the machines were readily available. Before -this, 
analogue computer systems had been used for on-line 
computer control, and both types have their own advan- 
tages. One disadvantage of digital computers at that 
time was their relatively low speed, but for military 
applications, such as early-warning radar systems, fast 
digital computers were necessary. Consequently com- 
puting speed and storage capacity were developed, until 
today there are machines suitable for the largest con- 
trol applications which occur in industry. 

Analogue computers are often cheaper for small con- 
trol problems, but digital systems are justifiable for 
large and complex situations, both on economic 
grounds and because of their relative insensitivity to 
noise. The corresponding limitations of a digital com- 
puter is rounding-off error, but this can be reduced to 
acceptable limits by simply extending the word-lengths 
used for the computations. 

Although general-purpose machines have been used 
for process control, the special requirements of this 
field will result in a new generation of computers de- 
signed specially for the job. 

Among the special features needed for process con- 
trol are the following: 


a Extremely high standards of reliability 

b Facilities for accepting information from many d fferent 
channels 

c Adequate computation speed 

d Internal time-monitoring facilities, to permit the com- 

puter to relate its operations to the external system and 

the process 

Simplicity and low cost 

Sound mechanical and electrical design, since the com- 

puter may often be situated in an unfavourable environ- 

ment. 
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Fig. 1 An instance of packaged construction—a box of 36 
printed-circuit packages. The computer is assembled from a 
number of boxes like this 










These requirements, and the ways in which the com- 
puter can fulfil them, are discussed below. 
Reliability 

This is one of the most important features of a suc- 
cessful process control computer; certainly it is the one 
most discussed by both potential users and equipment 
designers. System reliability, which is the aim here, has 
been defined as the probability that the system will 
continue to perform its required function under speci- 
fied conditions for a given operating time. Whilst this 
is a useful general definition, the problems on a pro- 
cess plant are quite different from those which exist 
in an off-line installation. This is particularly true in 
the continuous process industries, where the plant will 
normally be operating 24 hours a day and seven days 
a week for months at a stretch. No company is likely 
to incorporate a computer into the control system for 
such a plant unless they are convinced beforehand that 
the system will continue to operate without significant 
break-down for many months, or even years. 

The reliability problem is complicated by the fact 
that the computer is a part of a complex system which 
must be reliable when considered in its entirety. This 
implies that the input and output devices must also be 
reliable. However, input and output equipment will be 
considered later in this article. 

The computing unit itself can be made extremely 
reliable, particularly if solid-state devices are used ex- 
clusively. One prototype machine in this country, using 
no valves. whatever, has operated continuously without 
fault for a period of three months, during which no 
maintenance work of any kind was carried out. Other 
examples are an American machine with 700 transis- 
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tors, which operated for two months in 1958 with only 
one fault, and the Daystrom computer installed in July 
1958 at Sterlington Power Station for the Louisiana 
Power and Light Company, which operated continu- 
ously for the six months July to December 1959 for 
99-7% of the total time. Whilst this is a very high figure 
it still implies that the system was out of operation for 
some ten hours during the six-month trial. The com- 
plete system contains 4000 transistors and 7500 diodes. 
This kind of performance can be achieved by conser- 
vative circuit design and de-rating of components. Later 


machines, in which even better sémiconductor devices 


can be used, should improve upon these figures. 
In the event of a fault the time taken to repair is 
important, and therefore packaged construction should 


be. employed, since reliable printed-circuit connectors’ 


are now available. One particular type, with gold-plated 
contacts, has been tested for wear and deterioration; 
after 4000 insertions and withdrawals there was no sign 
of damage. Packaged construction using printed-circuit 
techniques should reduce the cost of the machine, since 
the individual units can be mass-produced if sufficient 
numbers of machines are built. At least one general- 
purpose computer produced in Britain has printed-cir- 
cuit wiring for the frame of the machine. The reduces 
the time taken for checking and commissioning, thus 
lowering the cost of production, because once the 
printed circuit is correct, the frame wiring of each 
machine must be correct. 

Mechanical design is as important as electrical design, 
because the environment on a plant is unfavourable 
when compared with that normally associated with 
computers. Dust-sealed cabinets. with adequate provi- 
sion for cooling are probably well worth the slight addi- 
tional cost. 

One precaution which may be taken is to run the 
computer for several hundred hours before commission- 
ing the control system, to allow for the initial burning-in 
characteristics of many components. 

Preventive maintenance may well be unacceptable on 
computers controlling continuous processes, and some 
other approach must be employed to check the machine. 
Whenever possible, failures should be detected before 
they can affect the process, and when this is impossible 
the effect of failure must be minimized. Much can be 
done to this end in the design of the program. 

One approach is to check the reasonableness of the 
results. Here, a maximum increment in the new com- 
puted value is specified. If this should be exceeded, then 
the calculation is repeated before applying the new 
demanded value. A different way of achieving a simi- 
lar object is to allow only small increments in the con- 
trol outputs, so that the effect of a random disturbance 
will be reset on the next computation cycle. This 
method is smoother in operation than the first one, 
which may be an advantage for some purposes. 

Test computations can also be incorporated in the 
normal program to detect malfunctioning of the com- 
puter. A known.calculation is performed on known 
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data, the result being compared with the predetermined 
answer. 

When there is a catastrophic failure, such as loss of 
power supply, control can be automatically transferred 
to stand-by equipment. 

The computer can also check some of the instru- 
mentation, and even the plant itself, giving warning of 
impending failures or suspicious conditions. The pro- 
gram should be arranged to reject unreasonable input 
information and raise an alarm. This need not hold up 
the control program, since specified alternative infor- 
mation can be provided for use until the fault is cor- 
rected. 


Storage requirements 

The storage requirements of a computer intended 
for process control are significantly different from those 
common in other applications. Working storage, data 
storage, and program storage are among the most im- 
portant. In a control computer the program is normally 
fixed for long periods, although small changes may be 
necessary. Many of the data are also fixed for a parti- 
cular application by the parameters of the plant and 
process. This is quite different from the situation in a 
general-purpose machine, where the program is changed 
for each new piece of work. For this reason, semi-per- 
manent storage has certain advantages. If some form of 
peg-board is used for program storage, there is no pos- 
sibility of the program being accidently changed. Where 
magnetic storage on cores or drums is used, accidental 
change can sometimes occur if there is an electrical dis- 
turbance. The peg-board may be likened to the wired- 
in micro-programs used in many large computers, but 
has the advantage that its contents can, if necessary, be 
changed at will without altering the physical wiring of 
the machine. 





Fig. 2 Peg-board storage: this illustration shows the program 
storage. Orders are pegged across the boards, each of which 
holds 64 orders 


The storage capacity normally required to hold the 
data for computations can be drastically reduced, be- 
cause so many of the data are derived in real time from 
the process. Immediate computation on this data, fol- 
lowed by output action to control the process, elimin- 
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ates much of the storage which would be used in a cor- 
responding general-purpose computation. 

For these reasons a relatively large immediate-access 
store is usually sufficient for providing working space 
and temporary storage, since all constant data can be 
kept in the semi-permanent (peg-board) store. For many 
purposes a core store of about a thousand words is 
adequate. 

These two stores can, if necessary, be supplemented 
by magnetic drums or magnetic tape. Magnetic tape is 
useful if the present history of the plant is to serve 
as a basis for future control action, or where the infor- 
mation available within the control computer is to be 
analysed by another computer. 

Parity checking of the storage of a computer is now 
almost standard practice, and would naturally be in- 
cluded in any machine designed for control. The pro- 
cedure which should be followed when parity failure 
is detected must be devised specially for each applica- 
tion. 

One additional feature which can be used with the 
immediate-access working store is to allow direct access 
to this store from external equipment, both for reading 
and writing of information. This can be extremely use- 
ful, since transfers from other forms of storage can be 
effected when the computer program is not actually 
using the store. This avoids wasting both program time 
and program storage for routine transfer operations. 
The particular logical arrangements used will be deter- 
mined by the features of the computer and the type of 
storage used. 


Fig. 3 Peg-board 
storage: a detail of 
the tray. The indi- 
vidual drive trans- 
formers are shown 
in blocks of eight, 
and select printed- 
circuit loops on the 
lower side of the 
board 


Apart from its use in transfers between one storage 
medium and another, direct external access to the store 
can be an input-output facility and connect a number 
of computers to form one complex system. 


Input and output facilities 

On a general-purpose computer only a few input and 
output devices are used, whereas on a plant the instru- 
mentation may supply data from hundreds or even 
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thousands of different sources. For this reason the order 
code and logical arrangement of a process computer 
must include provision for selection between such num- 
bers of inputs and outputs. 

The inputs can be divided into analogue and digital 
signals. The analogue signals are generated by normal 
process instruments to represent physical quantities such 
as temperature, pressure, flow, etc., whilst the digital 
signals are derived (from limit or pressure switches for 
example) and yield yes/no, or binary information about 
the state of some part of the plant or process. This 
might be whether or not a particular valve is shut, or 
whether a temperature or pressure has reached a pre- 
set value. Digital information can also be generated by 
digitizers, counters and other devices. 

Analogue signals must be converted into digital form 
before they are intelligible to the computer, whose inter- 
nal logic is normally binary. For this purpose electronic 
analogue-to-digital converters are used. 

The order code of the computer must give means for 
selection of any input channel, and for conversion of 
the information from it into a form which is compat- 
ible with the internal logic of the computer. Some 
simple logging systems merely scan the inputs in a pre- 
determined order, as distinct from selecting them. In 
many cases it is desirable that the system should have 
the capacity to select any input on demand. For in- 
stance, if an unusual value appears on one input, it 
may be an advantage to inspect the other related inputs 
rapidly and in an unusual order. Hence, the computer 
logic and order code should be capable of random 
selection and conversion of information from many hun- 
dreds of input channels. 

The form of output required varies with the type of 
application. If the computer is merely calculating oper- 
ating guides and logging the behaviour of the process, 
then a single printer may be used. If on the other hand 
the computer is actually controlling the process, either 
directly or by changing the set points of conventional 
controllers in supervisory control, a great deal more 
output capacity is required. A typical plant may need 
a hundred or more output channels, each controlling 
one final element in direct control—or one set point in 
supervisory control—of a conventional control system. 

Here it should be pointed out that a digital computer 
can readily provide large numbers of digital outputs, 
but it is neither simple nor cheap to provide large num- 
bers of continuous analogue outputs. However, digital 
signals can be used to control analogue equipment. For 
example, a valve or damper can be controlled in. posi- 
tion by a digital signal having three states: off, forward, 
or reverse. When the computer demands that a valve 
shall move to a given new position, a fast digital con- 
trol program can be used to set the valve to the new 
position, using valve position as a further input to the 
computer. Fig. 4 shows a typical system for controlling 
a pneumatic diaphragm-operated valve. The two sole- 
noid valves A and B are normally closed. If the valve 
is pressure-closing in action, then, when solenoid A 
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operates, the main valve will tend to close. Conversely, 
solenoid B will cause the valve to open. The two sole- 
noids are operated from the computer, to which valve 
position is sent as an input. The computer program is 
then arranged to compare the present valve position 
with the position demanded’ by the control equations, 
and actuate the solenoids in an appropriate manner. 


Control signals from computer 





Air line 





Exhaust 


Fig. 4 Digital control of diaphragm-operated valve 


For most purposes, therefore, digital control can be 
used. However, for some applications, analogue output 
signals may be essential, and for these digital-to-ana- 
logue converters can be used. These are complementary 
to the analogue-to-digital converters used at the input 
to the computer. They produce* an electrical analogue 


signal proportional to a digital number supplied by 
the computer. 


Speed of computation 


Although most processes have inherently low-fre- 
quency characteristics, they are often complex in char- 
acter. The rate at which information is available from a 
well instrumented plant is large, since, although the 
individual instruments may provide only low-frequency 
information, the large number of channels involved 
increases the band-width required from the computer. 
Again, the programs needed for optimization or com- 
puter logging may be extremely complex—a computer 
is hardly justifiable where only a few simple operations 
are required. Fast computers are relatively cheaper than 
slow ones in terms of the amount of work which they 
can perform in a given time. The speed of the computer 
should therefore be relatively high, since this allows a 
margin for future development of the control program. 
The lower limit to the speed of the machine is set by 
the requirement that it must operate in real time. Hence, 
although a particular machine may be able to solve the 
equations of a given control problem, it is useless unless 
the computation can be done in real time compatible 
with the time scale of the process. 


Time monitoring facility 

A feature of process control computers which is not 
encountered in general-purpose ones is the need to 
relate computations to time. In sampled-data systems, 
or in forming averages of the value of a process vari- 
able, it is usually desirable to sample. the process vari- 
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able at fixed intervals of time. Normally this is not 
easy to arrange by program because some functions, 
such as multiplication and division, and special sub- 
routines, often take a variable time for completion. 
Thus, an internal real-time clock, which can interrupt 
the program at definite times, is a very desirable fea- 
ture. The logic of the computer should enable the clock 
to interrupt the program after an interval specified by 
a previous part of the program. In practice this might 
be arranged with a counter which is filled by program 
with a number representing a definite time interval. The 
number in the register is then reduced by unity every 
‘word-time until zero is reached. At this time the inter- 
ruption occurs. The program is now so arranged that 
the original program can be resumed after the time- 


-dependent operation is completed. For practical pur- 


poses, therefore, the main program is interrupted at a 
time specified by the program some time beforehand. 
When the interruption occurs some special program is 
followed, which first stores information to permit the 
main program to be resumed, and then carries out some 
special operation. Afterwards the main program is again 
resumed at the point where the interruption took place. 
A new interruption demand can be stored in the timing 
counter system, to call the same or a different interrup- 
tion program at some future time. This facility permits 
quite complicated timing procedures to be programmed 
by using multiple period-lengths. 

In addition to this interruption timer, the computer 
should also have a real-time clock scaled in hours and 
minutes. This is needed to print data at fixed times, 
and for other purposes. 


Conclusions 


If computers are ever to gain wide acceptance for 
process control they must be understood by the people 
who have to operate them. For this reason they should 
be kept as simple as possible. If large systems are re- 
quited it may be better to use a number of small inter- 
connected computers rather than one enormous 
machine. Here packaged construction comes into its 
own, since the computer becomes effectively one large 
package. If external direct access to the store is avail- 
able, then individual computers can be connected 
together via their stores. In this way the computers can 
operate as a team, which together form a complex con- 
trol system. These computers need not necessarily be 
in one place. For instance, it would be possible to have 
a number of simple computers controlling a large inter- 
connected electricity supply network, with each of the 
individual computers controlling a section of the net- 
work and located in the appropriate area, communica- 
ting with the others through data links. 

It will be appreciated that process control requires 
the computer to have certain special features, which 
are quite simple provided they are considered in the 
initial design stages. 


Acknowledgment is due to Ferranti Lid for permission to publish this 
article, 
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PART 1 


An introduction to a fascinating subject, 
this article shows the immense importance 


of integrated design 


Controlling ballistic missiles 


by K. C. GARNER, B.sc.(ENG.), A.M.1.E.E., A.F.R.AE.S. 


College of Aeronautics, Cranfield 


A PREVIOUS SERIES OF ARTICLES ON GUIDED MISSILES 
has provided an elementary but informative introduc- 
tion to the fundamentals of guided-all-the-way missiles 
(/, 2), where a feedback loop is maintained between 
target and missile throughout their trajectories. Ballistic 
missiles are quite different, as during the final phase of 
their trajectory they are open-loop devices. In certain 
respects they are similar to artillery shells. Before bal- 
listic missiles can be of any use, the position of their 
target—and their launching position, if fired from a 
mobile base like a submarine—must be known to a high 
degree of precision. The control phase of a ballistic mis- 
sile is, in effect, the gun barrel which initiates a satis- 
factory free-flight trajectory for the war-head to follow. 
Another major difference between ballistic and aero- 
dynamic missiles is that the former are temporarily 
space vehicles and cannot make use of aerodynamic 
forces to provide controlling moments for the adjust- 
ment of their trajectories. For ballistic missiles a rotat- 
able resultant thrust is used instead. As with all prob- 
lems in control engineering, as many as possible of the 
influential factors must be accounted for to obtain a 
reasonable solution. 

The primary question the control engineer asks is: 
why cannot this missile be controlled all the way? It is 
only necessary to consider the enormous ranges, up to 
5000 miles or more, to find the answer. To develop a 
feedback-data loop which is reliable, accurate, and im- 
mune to counter measures, while not impossible, may 
well be expensive, and almost certainly may take too 
long to develop to be of current value. Furthermore, a 
power supply of duration equal to the total flight-time 
would be required. However, the really great advantage 
of the open-loop final phase is that it is virtually im- 
possible to find a counter measure short of destroying 


98 


the war-head itself. Therefore, excepting that beyond a 
certain range no control is necessary, the uncontrolled 
trajectory must be computed with great accuracy. As in 
gunnery, this trajectory will be determined to a very 
large extent by its initial conditions. These initial con- 
ditions are, of course, the end conditions of the con- 
trolled phase, and can be considered as the control 
team’s ‘ target’. Thus the control team’s problem is to 
provide the desired initial conditions to initiate the free- 
flight trajectory as accurately and economically as pos- 
sible, assuming the kinematics of the ballistic path to 
have been correctly computed to strike in the target 
area eventually. For any ballistic trajectory, ie. a 
trajectory along which the projectile is in free flight and 
not influenced by aerodynamic’ effects, there are, at any 
position along it, a unique velocity and acceleration with 
respect to a specified reference frame. It would appear 
at first sight that it is a relatively simple mathematical 
problem to determine a suitable trajectory from the 
launching point to the target. This would be so if the 
missile could be launched at the azimuth and elevation 
angles and velocity as if it were indeed fired from a 
gun. However, this would be far from an optimum 
procedure for a missile, simply because the time spent 
in ‘ thick’ atmosphere prolongs the aerodynamic drag, 
and wastes propulsion energy in kinetic heat. Thus the 
take-off of the rocket is at or near the vertical, in order 
to take the shortest route through the atmospheric im- 
pedance. Subsequently, the projectile alters course on to 
a tangent to a suitable free-flight trajectory. The point 
of tangency to any trajectory occurs at the ‘ all-burnt ’ 
or war-head-separation instant. From then on there is 
no further thrust or control. At this point of tangency, 
therefore, it is essential to have achieved a correct in- 
stantaneous velocity in order to generate the desired 
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trajectory. With a wrong ‘velocity there will still be a 
point of tangency, but with a relatively useless or in- 
efficient trajectory. 

The elementary theory of the ballistic trajectory is 
given in an appendix to this article. Note that errors in 
azimuth yield very serious miss distances. 


Take-off 


The main object .of a modern ballistic weapon is to 
strike targets at inter-continental range. This means that 
the pay load (i.e. a war-head) must be lifted off and 
transported a very long way, swiftly and accurately. 
This, by simple mechanics, implies a very large amount 
of ‘ work done’ if the war-head has moderate weight. 
The accuracy factor also implies that some apparatus 
which. will not contribute. anything to its destructive 
power will also have to be lifted off, quite apart from 
the motor, tanks and hull. A great many calculations 
have been made to determine the optimum size and 
shape of a ballistic rocket, and are based on the funda- 
mental mechanics equation 


mv = —Sm 
where m is the mass of the rocket 

v is the velocity of the rocket 

S is the specific impulse. 
The specific impulse is a measure of the propulsive 
effort and is a crucial number in any rocket design: it 
is fixed by the propulsion unit. The integral of the above 
equation is of particular interest (since it provides one 
of the basic control parameters, the all-burnt velocity 
V,), namely 
m;, = m, exp (V,/S) 
m, = launching mass 
m, = mass at cut-off. 
Thus, given a particular motor, there may be a fairly 
well defined optimum launching mass for a single-stage 
rocket which is to develop a specified all-burnt velocity. 
This is based on consideration of the initial fuel load, 
the structure needed to support it, the war-head and 
sundry power, guidance, and control apparatus, and the 
rate of fuel consumption. For long-range missiles, how- 
ever, the desired all-burnt velocity may well exceed the 
value obtainable from the single-stage rocket, so that 
two, or even three, stages may be necessary. This 
staging is based on the philosophy of discarding re- 
dundant mass as it becomes redundant. Empty fuel 
tanks and exhausted motors are rejected as the flight 
proceeds. Calculations based on these mass-ratio con- 
siderations generally yield an optimum launching mass 
which maximizes the all-burnt velocity, and thus the 
maximum operational range of the missile (3, 4, 5): How- 
ever, the optimum generally demands an extremely flimsy 
structure, which is often rather shorter and of larger 
diameter than an aerodynamically designed vehicle of 
the same weight. All this leads to a vehicle shape and 
structure which is not at all suited to aerodynamic con- 
trol. Nevertheless, this rocket needs to fly through the 
atmosphere for many tens of miles. 


where 
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For similar reasons it is also undesirable to accelerate 
the missile during vertical ascent initially by more than 
one or two g. This pleases the propulsion people, and 
at the same time minimizes the effects of kinetic heating 
during the initial trajectory. However, certainly over 
most of this period, the vehicle (which is usually wing- 
less) cannot generate much in the way of useful aero- 
dynamic moments for stabilizing its attitude. Neverthe- 
less, during this ‘ aerodynamic’ phase the control sys- 
tem will also have to correct for any aerodynamic mal- 
alignment which may be present. Thus the rotating 


. thrust is necessary even in the initial stages of the flight. 


This technique in modified form is not new, and was 
used in the German A4(V2) missile in the last war (6). 


~ Dynamics of a rocket in space 


Since the greater part of a ballistic-missile trajectory 
is outside the earth’s aerodynamically useful atmos- 
phere, it is no longer possible to correct the trajectory 
by utilizing aerodynamic lift, but there are some alter- 
native methods which can produce the desired flight- 
path modifications. The primary requirement is, of 
course, to provide a thrust component normal to the 
instantaneous flight-path velocity vector. This can be 
achieved by using auxiliary jets fitted at right-angles to 
the fore-and-aft missile axis, or by changing the direc- 
tion of thrust of the main motor with controllable vanes 


Fig. 1 Lateral dynamics of a missile in vacuo 


in the motor efflux, or by swivelling the motor assembly 
as a whole. The last method will be used as the example 
in this article since it is the most simple to visualize. 
In all cases it is the rotation of the resultant thrust 
vector which matters. 

Fig. 1 shows the dynamic problem stated for an 
angled-thrust rocket, from which the following five 
equations can be stated, assuming that we can for the 


' moment ignore gravity. 


mx = T cos(¢+t) (1) 

my = T sin(e+¢) (2) 

Ce = —Tlsin¢g (3) 

x=Ucosy (4) 

y =Usiny (5) 

all with reference to an inertial co-ordinate reference 
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frame XOY. Eliminating x and y, and solving for U and 
y we can derive that 


U =(T/m)cos(e — ¥ + £) (6) 
J = (T/Um)sin(e — ¥ + 5) (7) 


It is apparent that these are non-linear equations, and 
for an accurate investigation of their behaviour a 
detailed study on analogue or digital computers, or 
both, would be necessary. At a later stage in the design 
this would indeed be carried out. However, it is possible 
to obtain much preliminary assessment of the rocket 
design by making various linearizing assumptions which, 
of course, are only valid for the artificial conditions 
assumed. Nevertheless, by careful choice, such initial 
* guesswork ’ can be extremely valuable. The first con- 
dition is that all angles are small, and to linearize still 
further it is necessary to regard all coefficients as con- 
stant, although in reality they change with flight time. 
The mass of the rocket, m, and the pitching moment of 
inertia, C, will vary as the fuel is burnt off. Likewise, 
distance / will vary with fuel consumption, although 
only by a small amount in a liquid-fuel rocket, where 
the fuel tankage is arranged equally on each side 
of the missile’s centre of gravity. The thrust, though 
nominally constant, is never quite so, and neither is U. 
Therefore the assumption that all these are constant 
will give a useful degree of approximation in a paper 
study only if, as with any dynamic system, the time 
rates of change of these coefficients are negligible com- 
pared with the system’s lowest frequency. This will 
naturally depend on the vehicle’s parameters, which can 
vary widely from one design to another. For the sake 
of discussion it will be assumed that the coefficients do 
remain constant, since this is the only way of demon- 
strating the major properties of such a missile on paper. 
Assuming constant coefficients then, the following ap- 
proximate equations may be derived: 












Y=(1/TX@—-y¥+H (8) 6=%/T’: (9) 
y = (U/T(6 + §) (10) where 7, = U/U (11) 
and T:=C/MIU (12) 











Steering control considerations 

Thus we arrive at the linearized equations of motion 
of the uncontrolled vehicle. The problem is now to 
change the direction of the thrust in a rational manner 
in order to control the direction of the trajectory. This 
can only be done by measuring the variables, related 
variables, or their derivatives, in equations 8, 9 and 10. 
This is the arbitrary choice of the control engineer, who 
judges what is the best overall solution within his 
design specification, program, and budget. The more 
obvious possibilities are to measure the direction of the 
thrust relative to the fore-and-aft axis with an angular 
pick-off on the rocket-motor gimbals, assuming that the 
thrust-line lies along the motor axis. Similarly, @ can be 
measured with a free gyroscope, provided that the 
wander-rate is small, or y can be determined if an 
inertial platform is incorporated, with a similar proviso 
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on the drift of the inertial reference. With rectilinear 


accelerometers, the missile’s lateral accelerations can be 
measured, and, provided that small angles are assumed, 
this method provides y. Some combination of these will 
provide effective control (remember the theorem which 
states that the maximum number of controllers permis- 
sible before a redundancy occurs is equal to the num- 
ber of degrees of freedom in the uncontrolled system). 
Clearly none of these measurements will be perfect, and 
the choice is largely determined by the effectiveness of 
already-developed instrumentation, and the prospects of 
new developments being ready in time for the final 
assembly of the rocket. 

As already mentioned, because of the necessity to 
provide the minimum possible structure weight, the 
vehicle is inherently flexible to a very marked degree. 
The rocket behaves as an elastic beam with a fairly 
low natural frequency (e.g. the frequency published for 
the Thor missile is given as 6°95 c/s (7)). Thus the posi- 
tion of the kinematic instrumentation within the missile 
will determine the relation between the true motion of 
the missile and the flexural oscillation induced by 
changes in the lateral component of the thrust vector. 










































Fig. 2 Structural flexibility. If the motor is oscillated so that 
§ = Asin wmt, then T, = B sin wmt. Hence yx = f (wm re- 
lated to body frequencies) X T, sin (wmt + a) X f (body 
geometry and homogeneity) and body angle with respect to 
centre lines as yx = 0yx/0x. These relationships depend en- 


tirely on the particular missile structure. However, yx will 

produce spurious accelerometer signals, and yx will produce 

spurious gyroscope signals. The magnitude and sense of these 

signals will be determined by the situation of the instru- 

ments within the missile, the structure, the magnitude and 
spectrum of the existing forces 


This can be a severe control problem since the natural 
frequency occurs within the guidance band-width, and 
without care the entire structure can become an un- 
stable oscillatory loop as indicated in Fig. 2. Some 
alleviating measures are to determine the structural 
nodes and to place the instrumentation at these points. 
This tends to reduce the lowest interfering frequency, 
although it cannot entirely eliminate the higher struc- 
tural harmonics, and furthermore these nodes will shift 
as the fuel tanks empty. To be continued 
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In addition to the question of the overall stability of 


a reactor, there is also the problem of spatial stability 


Stabithty considerations 


in power reactor systems 


by R. I. VAUGHAN 
U.K. Atomic Energy Authority 


TO A CONSIDERABLE EXTENT THE REQUIREMENTS OF A 
power reactor control system are dependent on the type 
of reactor and on the use made of the power it gen- 
erates. For example, the instrumentation and control 
mechanisms in a pressurized-water reactor differ from 
those in a gas-cooled graphite-moderated reactor, the 
heat transfer properties of the coolant and the behaviour 
of the reactor powers differing greatly. Again, there may 
be important differences between the control system in 
a large land-based reactor for a base-load electricity- 
generating system and that in a smaller reactor of the 
same type providing power for the propulsion of a ship; 
in the one case rapid changes between low power and 
full power may never occur, or may be regarded as 
rare, whereas, in the other case, large power changes 
are to be expected in normal operation. 

In this article, an outline is given of the principles 
governing the choice of instrumentation and the require- 
ments of the control system’s performance from the 
point of view of stability rather than of safety. 


Instrumentation 


Whatever the reactor type (e.g., pressurized-water, 
boiling-water, gas-cooled graphite-moderated), the con- 
trol instrumentation has to cover two main ranges of 
power level. One main range is that obtaining when the 
reactor is being started up or has been shut down, and 
the reactor power is insufficient to have a significant 
effect on temperatures. The other main range prevails 
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when power changes have appreciable temperature 
effects. 

In the first power range, it is only possible to deter- 
mine the population of free neutrons within the core by 
nucleonic instruments (/)* such as ion chambers. Such 
instruments are generally located outside the reactor 
pressure vessel and measure the thermal neutron flux 
existing in ‘thermal columns’. A thermal column is a 
block of moderator in which fast neutrons escaping 
from the reactor core and passing through the pressure 
vessel are slowed down. The low-energy neutrons escap- 
ing from the core are absorbed in the steel surrounding 
the reactor core. 

As a rule, the purpose of measuring neutron flux 
during starting-up is to determine the state of the nu- 
clear chain reaction in relation to criticality. [Recapitu- 
latingt: if the reactor is sub-critical (ie. k, < 1), the 
chain reaction is not self-sustaining and a neutron flux is 
only maintained in the core by neutron sources (mainly 
artificial) (2). If the reactor is critical, the chain reac- 
tion is self-sustaining, for as many neutrons are pro- 
duced by fission as are absorbed within the reactor core 
or escape from the core (k, = 1). If the reactor is super- 
critical, more neutrons are produced by fission than are 


lost by absorption or escape and the neutron population 
becomes ever-growing.] 


* See also Dr Denis Taylor’s article on nucieonic instrumentation in last 
month’s issue of Control—eprror 


t See the first article of the series, August 1960, p. 104—EprroR 














While the reactor is shut down, the nuclear chain 
reaction is sub-critical. In order to come up to power, 
the reactor must be made super-critical for periods of 
time. The nucleonic instrumentation is used during start- 
ing-up to measure the build-up of the neutron popula- 
tion and to ensure that the reactor does not become 
super-critical by a dangerous margin. 

Once the reactor approaches operating powers, tem- 
peratures within the core become significantly influenced 
by power level. At power, the temperature rise of the 
coolant in passing through the core, with a Calder-type 
reactor, will be some 200 deg C. A good estimate of the 
power output of the reactor can then be obtained from 
measurements of the temperature rise and of the rate 
of flow of the coolant through the reactor core. More- 
over, for best efficiency, the reactor must be run with 
the highest possible temperatures consistent with limits 
imposed by metallurgical or similar considerations. For 
example, there is a maximum permissible fuel-element- 
can temperature in a carbon-dioxide-cooled reactor; or, 


again, bulk boiling of the water is not permissible in a | 


pressurized-water reactor. Thus it is certainly necessary 
to measure temperatures within the reactor core and 
there is an incentive to use temperature measurements 
for the main component of the error signal in any auto- 
matic control system regulating the chain reaction in the 
reactor core. 

Control of the reactor at operating powers is also 
strongly influenced by certain effects of power output 
on k,. In other words, there is an important inherent 
feedback of power into k,. This feedback arises from 
the effects on k, of: 

1 The temperatures of the fuel and moderator 

2 The build-up and decay of the isotope xenon-135, formed 
primarily in a decay chain starting with the fission product 
tellurium-135. 

With the Calder-type reactor, the performance of the 
control system in terms of required speeds of response 
and the suitability of any measurement for a control 
signal is primarily determined by 1. This is because the 
time lags between power and temperature changes are 
at most several minutes, whereas the time lags governing 
the xenon-135 concentrations within the fuel are several 
hours. 

Factor 2 has an important influence on the stability 
of the distribution of the power output as distinct from 
the total power output within the core of a large ther- 
mal reactor. This is covered later in the present article. 

The effect of temperature changes on k, are described 
in terms of temperature coefficients of reactivity. With 
the Calder type of reactor, the fuel temperature co- 
efficient of reactivity is about — 2 X 10° 8k/degC, 
where 8k is the change in k,. The moderator tempera- 
ture coefficient of reactivity varies with fuel irradia- 
tion (3). Extreme values of the coefficient might be 
— 4X 10° 8k/deg C when the fuel is unirradiated, and 
approaching 15 X 10° 8k/degC at high irradiations. 
As will be shown later in this series, there are two fac- 
tors enhancing the significance of the fuel temperature 
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coefficient relative to the moderator temperature co- 
efficient in determining reactor behaviour. The first is 
that the difference between the steady-state average fuel 
temperature for two different power levels is about 14 
times to twice the change in average moderator tem- 
perature if the coolant flow rate and temperature at the 
reactor inlet are constant. The second factor is that the 
time lag between power and fuel temperature changes 
is only a few seconds under full-power conditions, 
whereas the time lag between power and average mod- 
erator temperature changes is several minutes. 


Control absorbers 
The usual method of regulating the chain reaction in 
a reactor core is to insert or remove neutron-absorbing 
materials. With the Calder type of reactor the control 
absorbers are in the form of rods of length roughly 
equal to the core height (about 20 ft). The rods are 
suspended on cables and are raised and lowered by 
winches powered by electric motors. 

The total change in k, which the control rods must 
be able to provide is governed by: 


1 The need for an adequate margin by which the reactor is 
sub-critical when shut down at any stage of the reactor’s 
life 

2 Variation in k. occurring in the reactor on changing from 


shut-down to operating conditions throughout the life of 
the core 


An automatic control system need only deal with 
changes in k, over times of less than a day with the 
reactor at operating powers. These changes are generally 
much less than the changes 1 and 2 above, so that only 
a small proportion of the control rods need be actuated 
by the automatic control system. The large changes in 
k, to be accommodated by the control system can be 
met by a human operator switching groups of large 
numbers of control rod motors on and off. 


Reactor kinetic equations 

A simple set of equations, the ‘ reactor kinetic equa- 

tions’, relates the free neutron population within the 

core to k,. The kinetic equations can be derived simply, 
although not rigorously, from the two balances: 

(i) Rate of increase in neutron population = rate of 
production of prompt neutrons by fission + rate of 
appearance of delayed neutrons from neutron-emit- 
ting fission products — rate of absorption of neu- 
trons in core materials — rate of escape of neutrons 
from core. 

(ii) Rate of increase of number of nuclei of delayed- 
neutron emitter i = rate of production of nuclei of 
delayed-neutron emitter i from fission — rate of 
decay of delayed-neutron emitter i nuclei. 

These balances yield: 





dN N 2 N 
— =k (1 — B)—-+ - AC. — — eco (1) 
dt T % T 
dc; BN 
and —=k, — UC, eee (2) 
dt T 


where N is the population of free neutrons in the core, 
B is the proportion of neutrons coming from delayed 
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neutron emitters, A; is the decay constant of delayed 
neutron emitter i, + is the mean neutron lifetime, C, is 
the number of nuclei of delayed neutron emitter i, and 
A; is the contribution to 8 of this emitter. 

Considering small perturbations, (1) and (2) yield the 
transfer function: 


1 é8n(p) 1 1 


sp 
~ ae ee 


+ r(p + As) 
given in the second article of this series (Sep. 1960). 








Instabilities in radial variation of power 

The flow of coolant through each fuel channel in a 
power reactor is adjusted to give the highest tempera- 
ture consistent with specific limitations at full-power 
conditions. Normally, total flow of the coolant through 
the core will be variable so that changes in power out- 
put are possible with roughly the same temperature 
distributions. However, variation in the distribution of 
the flow between the channels will not be possible. Thus 
it is essential that under operating conditions appreci- 
able deviations in the radial distribution of the power 
output of the core should not occur. 

With large power reactors and high fuel irradiations 
it is known that the shape of the power distribution 
across the core may be unstable if appropriate con- 
trolling action is not taken, even when the total power 
output is kept constant (4). 

It is possible to give a simple qualitative explanation 
of the way in which an instability in the shape of the 
power distribution across the reactor core can arise. 
Also the way in which such an instability can be sup- 
pressed is easily explained in general terms. 

Just as there is a balance for the neutron population 
in the whole core, so there is a balance for each region 
of the core. This may be written (neglecting delayed 
neutron effects): 

Increase in number of neutrons in region in one gen- 


dn 
eration = r nae (number of neutrons produced in 
t 


the region by fission) — (number of neutrons absorbed 

in region) — (net number of neutrons flowing out of 

region) = (k,, — 1)n — (net flow out of region). 

In this balance, n is the population within the region 
and k is the ratio of the number of neutrons produced 
in fission in one generation to the number of neutrons 
absorbed. In a reactor with uniform conditions every- 
where there would be no net flow of neutrons out of 
any region and k, = k_. 

Now the net flow of neutrons from one region into 
neighbouring regions is dependent on the differences 
in neutron density, neutrons diffusing from regions of 
high to regions of low density. Suppose that a reactor, 
after being in a steady condition for some period of 
time (i.e., kK. = 1) is subjected to a disturbance causing 
. an increase in k , over a small region of the core. The 
outward movement of a control rod would have such 
an effect. There will be two immediate consequences: 
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1 k. for the whole core will become greater than unity so that 
the total neutron population will start increasing 


2 Relative to the whole core, the proportion of neutrons pro- 
duced near the region in which k ,, has risen will be higher 
than in the steady condition. In other words, the shape of 
the neutron flux distribution will have changed with a greater 
proportion of the neutron population around the region with 
increased k , . 

The first effect may be counteracted by, for:example, 
increasing the penetration into the core of a number of 
control rods. The total neutron population of the core 
may then be held steady, but the change of shape of 
the neutron distribution will remain. However, imme- 


‘diately after the disturbance the influence of power on 


reactivity assumes major importance. 





NEXT MONTH 


The sixth article in the series will be ‘ Transient 

analysis of simple automatic controls for power 

reactors’ by W. G. Proctor of the U.K. Atomic 
Energy Authority. 





It has already been-explained that k, for the reactor 
depends on temperature conditions. In a similar manner, 
k,, for each region varies as temperatures within the 
region vary. Temperatures also affect the neutron migra- 
tion area, a quantity proportional to the mean square 
distance between the points of birth and absorption of 
a neutron (/). A rigorous mathematical treatment 
shows that account is taken of the variation in neutron 
migration area if stability criteria are given in terms of 
temperature coefficients of reactivity rather than of tem- 
perature effects on k_ . This distinction is not essential 
to understanding power instabilities in the Calder type 
of reactor and is neglected in the explanation of insta- 
bilities given below. 

If k, increases owing to the temperature changes fol- 
lowing a power increase, and if, following a disturb- 
ance, control action leaves increments in the power out- 
puts of some channels but decrements in the power 
outputs of others, so that total power stays constant, 
then: 


a changes in k, due to the temperature changes will tend 
to increase the deviations in the power distribution, 


b the tendency for neutrons to flow from regions of high 
neutron density to regions of low density will tend to 
suppress the excursion. 

The significance of b depends on the shape of the 
steady-state neutron flux distribution and on the nev- 
tron migration area. A decrease in migration area 
tends to reduce the stabilizing influence of b. Flatten- 
ing of the radial distribution of power, that is, inserting 
neutron-absorbing material in a region round the core 
axis so as to make the power distribution constant 
within a certain radius, also reduces effect b (4). If no 
attempt is made to stabilize the shape of the radial 
flux distribution, then effect a may outweigh effect b, 
and any disturbance will lead to a growing deviation 
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in the power distribution. The shape of the flux devia- 
tion immediately after the disturbance will depend on 
the disturbance, but, after a time, sharp peaks and 
depressions in the excursion will even out. The diagram 
shows the shape of the steady-state flux distribution 
along a diameter in a * flattened ’ reactor, and the shap2 
into which an unstable power deviation would evolve 
if total power were held constant by suitable control 
action. The variation in this power deviation round the 
core at a given radius is proportional to cos @ where @ 
is the azimuthal angle relative to the radius along 
which the power deviations are greatest. 

Even under the most adverse conditions in the largest 
reactors of the Calder type, excursions in power shape 
would only grow slowly. The time taken for the power 
to increase from, say, 105% to 110% of the steady 
power would be many minutes, even in channels where 
power is changing most rapidly. It should be mentioned 
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distribution 
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that the power distributions in the Calder reactors 
themselves are stable for all conceivable operating con- 
ditions. 

Although the deviations in neutron flux only grow 
slowly when total power is adequately regulated, it 
is necessary that the control system be arranged to 
suppress any instabilities in shape. A straightforward 
method of achieving stability is to constrain any power 
excursions to shapes involving several maxima and 
minima so as to enhance effect b. This may be done 
by having a number (say nine) of independent automa- 
tic controllers, each having a control signal based on 
the average deviation in the power output from a num- 
ber of channels in a region of the core and actuating 
one or two control rods. Thus the control system regu- 
lates the power output from each of a number of 
regions of the core and suppresses power deviations 
over large parts of the core. 

In considering the stability of the total power out- 
put of the core, only effect a arises. Thus, if there were 
one control system to stabilize total power, and a 
separate control system to stabilize the shape of the 
power distribution, the minimum performance of the 
former in terms of speed of response and gain would 
be more stringent than that for the latter. In practice, 
the same controllers are likely to be used to regulate 
both total power and its variation across the core. The 
required performance of such controllers is then largely 
dictated by the need to regulate total power. Conse- 
quently, at least preliminary control studies may be 
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made using a mathematical model in which the shapes 
of the neutron flux and coolant temperature distribu- 
tions in the core are assumed to remain constant. A 
description of such studies is given later in this series 
of articles. 

In determining the number and locations of the con- 
trollers it is necessary to take account of an effect addi- 
tional to a and b above. This is the effect of fluctua- 
tions in xenon-135 concentrations. Xenon-135 is formed 
mainly from the decay of iodine-135 (half-life 6-7 h) 
which is formed from the fission product tellurium-135 
(half-life 1 min). The fate of a neutron is sufficiently 
likely to be absorption in a xenon-135 nucleus for vari- 
ations in xenon-135 concentrations to be significant in 
the neutron economy. The immediate effects of an in- 
crease in the free neutron density in any region of the 
core are an increase in the rate of production of tellur- 
ium-135, which soon leads to an increase in the produc- 
tion of iodine-135, and an increase in the rate of des- 
truction of xenon-135 owing to the absorption of 
neutrons (the same absorption as that causing a drop 
in k,). Thus there is a rising concentration of iodine- 
135 and a falling concentration in xenon-135. The 
immediate effect is then de-stabilizing, and simply aggra- 
vates effect a. However, if the resulting instability is 
not too acute, the increased rate of creation of xenon- 
135 owing to the increased iodine-135 concentration 
may in time (several hours) outweigh the increased rate 
of destruction of xenon-135 owing to neutron absorp- 
tion and the reduced rate of decay of xenon-135 (half- 
life 9:2 h). This introduces an effect tending to reduce 
the perturbations, and, under certain circumstances, 
oscillations may arise. Such oscillations can have any 
degree of damping or divergence covering a transition 
between stable and statically unstable conditions. How- 
ever, over the range of conditions in which the response 
is recognizably oscillatory, the period of oscillations is 
governed by the half-lives of the iodine-135 and xenon- 
135 and is roughly one day. 

Should instabilities arise only when the temperature 
effects a are augmented by this xenon poisoning effect, 
the corresponding excursions must be so slow as to 
permit regulation by manual control. Nevertheless, 
sufficient instrumentation must be provided to detect 
such instabilities if there is any possibility of their 
arising, and there must be the means of moving separ- 
ate groups of control rods. 

It is clearly desirable to have sufficient automatic 
controllers to retain stability even if one should fail. 
If, then, each controller is made electrically and mech- 
anically independent of the others as far as possible, 
it should be possible to render quite remote the chance 
of having to shut a reactor down owing to failure of 
the control-rod control system. 
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NUMBER FOUR OF A SERIES 


The root locus is a powerful method (far better 


than frequency response) for getting information 


about a system. It shows the effect of varying para- 


meters, and leads easily to the transient response 


Pole-zero approach to system analysis 


by P. F. BLACKMAN 


Imperial College of Science and Technology 


CLOSED-LOOP SYSTEMS 

A closed-loop system is one in which an output quan- 
tity is controlled by an input quantity, the essential fea- 
ture being that direct modification of the output 
quantity is achieved by an error signal derived from 
comparison of input and output quantities. An actual 
system may be required to cause the output quantity 
to be controlled by a variable input, or to hold the out- 
put steady against disturbances in the output domain 
while the input remains substantially constant. 

Whatever are the actual performance requirements 
of a system, it is a normal feature that the output 
powers controlled are greater than the error signal 
power, and that the error controls the output through 
a forward path containing power gain. The block dia- 
gram for such a system may be represented as in Fig. 1. 


Comparison unit 
€= (@;-@0) 


Fig. 1 Block diagram of closed-loop system 


The forward path will vary widely in form and com- 
plexity, but it will be described by a differential equa- 
tion and will have certain natural modes which are 
characteristics of the path. When the complete trans- 
fer from input to output under closed-loop conditions 
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is considered, however, the natural modes of this trans- 
fer will be found to differ from those of the forward 
path, and an important aspect of system design is the 
investigation and control of closed-loop natural modes. 
If the forward path is described by (say) a third- 
order differential equation 
d’6 d*6, dé, 


0 
Qs—— + ase— + a 


+ 6, = 
de dt eee oe 


the natural modes and frequency response may be in- 
vestigated by the complex frequency substitutions 


= 6o(p)e”'; g= E.e”' 


leading to the forward-path transfer function @,(p)/E(p). 

When the overall transfer @,(p)/@,(p) is required, 
the relation 

g= (6: -_ 60) 
may be substituted in the equation for the forward 
path, giving 
d'6. d°6. dé, se 
amp 1 ap te Tet Dame 

and although the actual modification to the equation 
has been comparatively modest, namely the addition 
of unity to the final coefficient, this has the unfortunate 
effect of altering all the natural modes of the system 
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from those of the forward path alone. If the feedback 
path is not a direct link but may itself contain a system 
described by a differential equation, the modification 
becomes rather more drastic. 





Fig. 2 General closed-loop system 


If this more general case is considered, the differen- 
tial equation for each portion may be converted into a 
transfer function in the complex frequency variable p, 
so that the system may be represented as in Fig. 2 
where 6,(p)/E(p) = F(p) and 6,(p)/6./(p) = B(p), and 
the relation 

E = (6; — 6) 


makes the standard closed-loop transfer expression 
obtainable 
6A p)/0(p) = F(p)/[1 + F(p)B(p)] 


which in the case of direct feedback reduces to 


6(p)/6Ap) = F(p)/{1 + F(p)] 


Since F, B, are both functions of p, system natural 
modes or poles of the transfer function occur for values 
of p, say px, such that 


F(px) . B(pr) =-—] 
since this causes the denominator to vanish. 


METHODS OF ANALYSIS 


The relations obtained above for closed-loop trans- 
fers, and the condition for closed-loop natural modes, 
are universal results which hold irrespective of whether 
the actual differential equations for the system are 
known or not; they may not be known, for example, 
when the transfer functions are obtained by direct fre- 
quency-response measurements. 

The various design and investigation procedures, 
such as: 


Nyquist and inverse Nyquist plots 

Log modulus and phase plots against log frequency 
(‘ Bode diagrams ”) 

Log modulus against phase-angle plots (‘ Nichols charts ’) 

Root locus method 


are effectively means of investigating possible solutions 
of the equation 
F(p). Bip) + 1 =0 

which governs the natural modes of the system. 

There is a significant difference between the first 
three methods and the root locus method: the first 
three operate in terms of the sinusoidal frequency 
response and investigate the equation 


F(jw) . Bw) + 1 = 0 


and can only give an exact result if a natural mode 
lies on the imaginary axis in the p-plane. In normal 
situations, with natural modes in the left half plane, fre- 
quency response methods provide a sufficiently exact 
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estimation of the system’s natural modes. In contrast, 
the root locus method operates directly with natural- 
mode values which are explicitly available. 

Choice between the various methods depends con- 
siderably on the system and the information available. 
The great advantage of frequency response methods is 
that these can operate with empirical information 
obtained from test results without need to have detailed 
knowledge of the system’s differential equations. 

The root locus method, while depending on a know- 
ledge of the system’s differential equations, can yield 
much more information than frequency response 
methods in complicated or unusual situations, and is a 
powerful method for obtaining general information and 
perceiving effects of parameter variation. In addition, 
the method is easily adapted to the problem of obtain- 
ing expressions for the transient response of systems. 


THE ROOT LOCUS METHOD 


The closed-loop transfer for the case of direct feed- 
back is given by 


9e(p)/ 6p) = F(p)/[{1 + F(P)] 


and the closed-loop natural modes are given by values 
(px) such that 
F (px) =-—1 


The forward path usually has the form 


K .G(p) 


where G(p) is a frequency-dependent portion, and K is 
a real multiplier (i.e., frequency-independent), often a 
gain value determined by amplification which is sub- 
stantially constant within the frequency range of the 
system. Thus the natural mode criterion becomes 
K.G(p)=-1 
or 
ZG(p) = 180°; | G(p)| = 1/K 


and values of p satisfying this pair of relations give 
the natural modes of the system. 


If the pole-zero pattern for G(p) is plotted in the 
complex plane, a complete network of constant-phase 
and constant magnitude lines covering the p-plane could 
be constructed, but in the present case the requirement 
that 

ZG(p) = 180° 


immediately restricts possible values of p, to those 
lying on the 180° lines in the p-plane, that is the 180° 
line system of G(p) gives every possible value of pr, 
and no other possible values exist. The 180° line sys- 
tem is the locus of roots of the closed-loop transfer. In 
addition, the fact that 

| G(p)| = 1/K 


means that the required values of p must also lie on the 
constant magnitude line 1/K. Hence the closed-loop 
poles can only be located at intersections of 180° lines 
and 1/K magnitude lines as in Fig. 3, and with varying 
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Gi(p)| = + 
[so K ZG(p) =180° 


Fig. 3 Closed-loop pole position (px) determined by inter- 
section of ZG(p) = 180°, |G(p)|= /K 


values of gain K the closed-loop’ poles move along the 
180° lines of G(p). 

The root-locus method represerits the extension of 
the complex frequency methods already described to 
the analysis of closed-loop systems. 


EXAMPLES OF THE ROOT LOCUS METHOD 
System with a single time-constant 
For a system with a single time constant in the for- 


ward path and an associated gain value K,, as in Fig. 4, 
the forward-path transfer can be written as 


K; K; 


F(p) = iia geet 
” (1 + pr) rt (pt+1/r) 





= K .G(p) 








Fig. 4 Closed-loop system with a single time-constant in the 
forward path 


The frequency-dependent portion of the path G(p) has 
a single pole at p = — 1/r on the negative real axis 
in Fig. 5. There is a single 180°-line from the pole to 
infinity along the negative real axis, and the only pos- 
sible closed-loop pole lies on this line at the point where 


|G(p)| =| 1/(p + 1/r)| = 4/K; 


or inverting the relation 


|p+i/r|= Ki/r 


which defines the length of the vector from the open- 
loop pole to a particular value of p which gives the 
closed-loop pole. From Fig. 5 the closed-loop pole will 
be located at . 
p= — (K,/r + 1/7) 
The graphical process carried out on the open-loop 
transfer has found the solution of 
as the value van tek 
p=— (i/7r)(K: + 1) 
and if this is substituted into the actual closed-loop 
expression 
6o(p)/@4p) = Ki/(1 + pr + K,) ‘ 
the denominator will vanish. 
To ‘take specific values: if + = 0-25 seconds and the 
forward gain K, is 10, then 


F(p) = 10/(1 + 0-25p) 
or 


K . G(p) = 10/0-25(p + 4) = 40/(p + 4) 
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Constant magnitude 
circle Gp) = = 
Ky 


Closed loop 


pole position 

Fig. 5 (left) Pat- 

a terns for the sys- 
tem of Fig. 4: 
a open loop 
b closed loop 

~<——__-x 
p= ——(ki +1) 


b 


Fig. 6 (below) Numerical example of single-time-constant 
pattern with gain K, = 10: a open loop, b closed loop 





e-44t 







Closed loop 
pole 
a 





The open-loop transfer has a pole at p= — 4, and 
Fig. 6 shows the open- and closed-loop patterns. Closing 
the loop with a gain of 10 gives a pole at p= — 44 
corresponding to a time function 


exp(—44?) 
compared with the open-loop pole at p = — 4 corres- 
ponding to 

exp(—4f) 


Although in this example the root locus method has 
been used to yield detailed information, an inspection 
of the open-loop pattern would immediately give the 
following qualitative information without any detailed 
analysis: 


a Since the 180° line of the open-loop transfer lies along the 
negative real axis, the only possible closed-loop modes are 
non-oscillatory exponential forms. 


b For increasing values of open-loop gain K,, the closed-loop 
poles move to the left corresponding to a more rapidly 
decaying exponential as the natural mode. 


System with two time-constants 
For a system with two time-constants and a gain in 
the forward path, as in Fig. 7, the open-loop transfer 
becomes 
K . G(p) = K,/rrA(p + 1/4:(p + 1/72) 










Ky 80 
(p7; + )(p72 +1) 


Fig. 7 System with two time-constants in the forward path 
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Fig. 8 a Open-loop 
180°-lines for sys- 
tem with two time- 
constants. b Varia- 
tion of closed-loop 
poles and natural 
modes with gain K 
















giving a 180° line system as in Fig. 8a, the lines in the 
plane being parallel to the imaginary axis, the whole 
system forming two entire lines. 
From inspection of the pattern the following qualita- 
tive information is immediately available: 
a For low gains, both closed-loop poles will be on the nega- 
tive real axis corresponding to non-oscillatory natural modes. 


b As the gain is increased the closed-loop modes become 
damped oscillations of the general form 


exp(—a,t=jw,t) 
where 
a; = (1/7; + 1 T:) 2 


which is independent of gain, so that gain variations alter 
the frequency of oscillation but not the actual damping 
envelope, and the system cannot become unstable. 


c For values of gain such that the vectors from the poles 
become nearly parallel, the relation between gain and fre- 
quency will be 

o<X1/VK;, 
For an example, suppose 
7: = 0-25; +r: = 0-025; K, = 20 


and it is required to determine the closed-loop natural 
modes. The open-loop transfer has poles on the nega- 
tive real axis at — 4, — 40, and open and closed-loop 

















Fig. 9 Numerical 
example of two- 
time-constant sys- 
tem with gain K, 
20: a open loop, 
b closed loop 















poles are shown in Fig. 9. The magnitude value on the 
open-loop pattern for the closed-loop poles will be 


System with three time-constants 





71 T:/ Kz, = 0-00625/20 = 1/3200 


hence the length of the vector from the open-loop poles 
to the closed-loop pole position will be 


V 3200 = 56-5 


and the frequency of oscillation will be given by 


w = V (3200 — 182) = 53-5 


and the closed-loop natural modes are 


exp(—22r + j53-St) 


For the case of a system with three time-constants 
there are three poles on the negative real axis, with 
180° line system as in Fig. 10. 





Open loop 





Fig. 10 Open- and closed-loop patterns for a three-time- 

constant system showing closed-loop pole motion with 

increasing gain: (b) acceptable transient response, (c) main- 

tained oscillation, and (d) increasing oscillation 

In this case the 180° line from the leading poles is 
deflected to the right owing to the influence of the 
additional pole. The line crosses the imaginary axis, 
eventually going to infinity at an angle of 60° to the 
positive real direction. There is also another 180° line 
from the additional pole to infinity along the negative 
real axis. For this system, with increasing gain the pair 
of closed-loop poles on the forward 180° lines become 
complex (b), reach the imaginary axis (c), and finally 
move into the right half plane (d), while the third 
closed-loop pole moves out along the negative’ real axis. 
Situation (b) may represent an acceptable transient 
response, while (c) represents maintained oscillations, 
and (d) a system in which oscillation amplitude will 
grow until some non-linearity causes limiting to occur. 


Output units 


The examples considered have contained only time 
constants in the forward path, but many systems ter- 
minate in actuators giving a mechanical displacement. 
Such actuators may be electric or hydraulic motors, 
rams or jacks etc., but are normally characterized by 
one or more integrations in the transfer between input 
signal and actual displacement. 


Next month, in the second part of this article, Dr Blackman 
will consider examples of such output-units in some detail, 
discuss more general conditions, and show how loop-closure 
can be regarded as a redistribution of poles and zeros in the 
complex plane. 
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Specimen calculations on systems with pressure- 


governed and Venturi-governed pumps show what sort 


of quantitative results are given by theory 


| Boiler feed discharge systems under changing load 


by A. J. MORTON, M.SC., A.M.I.MECH.E. 
Central Electricity Generating Board 


Design without stability or response calculations. is 
becoming inadequate. In previous parts of this article 
we made basic assumptions, looked at the discharge 
system in detail, discussed the characteristic equations 
for the combined pump and system, gave an account of 
the response of flow-rate to feed-regulator movement, 
considered the stability of the complete water-level loop, 
and gave a specimen calculation for a system with a 


constant-speed pump. Further specimen calculations are 
given below. 


System with pressure-governed pump 
Design data 
Pump 

Performance at 3000 rev/min as before. Characteristics for 

other speeds are shown in Fig. 5, calculated on the assumption 
Pp <n? when gan (47) 

where n = total rev/min measured from rest. 

Moment of inertia of rotating parts (includ- 

ing turbine) 


Efficiency at design point (full load, 3000 
rev/min) 0-6 


2500 1b /in? 


No-load torque 
- at constant speed 0-6 


Full-load torque 
Torque: flow characteristics for various speeds are shown 
in Fig. 5, calculated on the assumptions 
tp &n? when gan : (48) 
where t, = total pump torque at speed nm and flow q, and 
tp — tao © q when n is constant (49) 
where t,, = no-load torque at speed n. 


Turbine and governor 
Standstill torque 


————(at constant governor-valve openin 
Full-speed torque , pomns) 1-7 
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Driving torque is assumed proportional to governor valv: 
opening at constant speed 

Governor valve opening at 6501b/in? gauge 0-5 in. 

Governor valve opening at 7501b/in? gauge 0 in. 

(Opening varies directly with pressure between above limits). 

The resulting curves of driving torque against governor 
valve lift are plotted in Fig. 7. 

These data, together with those above, are sufficient to 
define the equilibrium operating line of the governed pump, 
which is plotted in Fig. 5. 


Discharge system 

Boiler and discharge pipe characteristics as under System 
with constant-speed pump, last month. 

Feed regulator opening at full load 1 in. 

Feed regulator pressure drop at full load 50 Ib /in? 

Lift: flow characteristic of regulator assumed linear in equi- 
librium. Pressure:flow characteristics of regulator plotted in 
Fig. 6 for various constant openings. 


Estimation of constants of proportionality 
Pump constants 
From Fig. 5, pump discharge pressure increases by 39 Ib/in? 
for every 75 rev/min increase in speed, at any constant flow 
Hence 
39 X 144 X 60 
K, = ———__ = 715 hb sft? (50) 
15 X 2a 
From Fig. 5 or equation 39, 


92,000 Ib s/ft5 at 100% load 
Ky = 46,000lbs/ft5 at 50% load 
9200 Ib s/ft5 at 10% load J 


From Fig. 5, and referring to the equilibrium speeds given 
below, 


(S1) 


1-190 Ib ft s at 100%, load )) 
K,= 1-003 lbftsat 50% load } (52) 
0-865 Ib ftsat 10% load | 


199 Ib s/ft? at 100% load 
K,= 189\bs/ft? at 50% load 
186 Ib s/ft? at 10% load J 





Turbine and governor constants 


From Fig. 5, equilibrium speeds and governor valve open- 
ings are as follows: 
FL GOVERNOR VALVE 

LIFT 


LOAD FLOW SPEED 


4 ft?/s rev/min in 

100 0-470 3000 0-50 
50 0-235 2845 0-345 
10 0-047 2805 0-250 


Using these data in Fig. 7, 

5600 Ib at 100%, load 
5810 lb at 50% load 
5860 Ib at 10% load f 


0.520 Ib ft s at full load '} 
Ky 0-359 Ib ft s at half load } (55) 
0-260 Ib ft s at no load J 


the constants applying only to conditions in the neighbourhood 
of equilibrium at the load concerned. 
By definition, governor valve closes half an inch for each 
100 Ib/in? rise in discharge pressure at any load, giving 
0-5 


12 X 100 X 144 


K, 


w 


= 2:90 X 10-6 ft8/Ib (56) 


Discharge system and regulating valve constants 


Referring to Fig. 5, equilibrium conditions in the discharge 
system are as follows: 

LOAD Ss FLOW 

7 {t?/s 

0-479 

0-470 

0-461 

0-244 


REGULATOR PRESSURE DROPS, ]b/in? 
OPENING, in. PIPEWORK REGULATOR TOTAL 


47 99 
50 100 
53 101 
116 130 


0-226 

0-0517 
0-0470 
0-0423 


119 131 
149 150 
149 150 
150 150 


1-02 
1-00 
0-98 
0-52 
0-235 0-50 , 117 130 
0-48 ° 
0-11 
0-10 
0-09 


At any fixed regulator opening, the total pressure drop 
varies with the square of the flow, the law at full load, for 
example, being 

Ps 144 X 100(q/0-47)2 (57) 

dp, 2X 144X 100 


K. = oa 
. (0-47)2 


q (58) 


corresponding results with different numerical constants being 
obtainable for other loads. Hence 
61,300 Ib s/ft5 at 100%, load 
K,= 159,400 lbs/ftSat 50% load }+ (59) 
920,000 Ib s/£t5 at 10%, load | 
It remains to determine K,, which is the decrease in system 
resistance per unit increase in regulator valve opening, at 
constant flow, and this can be done by considering small 
changes about any selected equilibrium point. At 98% load, 
for example, the system resistance is about 101 lb/in? with a 
flow of 0-461 ft/s, and at any other flow q with the same 
regulator setting the resistance would be 


101(q /0-461)? Ib /in? 
With the regulator fixed at the equilibrium opening corres- 
ponding to 102% load, the resistance at flow q is 

99(q /0-479)2 Ib /in? 
the difference between this and the preceding expression repre- 
senting the decrease in resistance at flow q due to the increase 


in regulator opening from 0-98 to 1-02in. Hence, taking the 
value of qg corresponding to 100% load, 


12 
> 4 deatnmnmeaal 
(1-02 — 0-98) 
== 428,000 Ib /ft® 


Similar reasoning for changes in the regions of 50%, and 
10% load leads to 


x (0-470)? ( 101 +s ! 
| (0-461)2 (0-479)? | 


K, = 144 


428,000 Ib/ft? at 100% load )) 
K, = 915,000 lb/ft? at 50% load » (60) 
5,440,000 Ib/ft? at 10% load J 
Results 
Estimation of time constants 
The constants estimated above are collected in Table I (last 
month, p. 96), and on insertion of the appropriate values into 


equation 20 the following results are obtained. 
For 100% loads: 


[1 + 0-1397D + 0-00266D2] Q =0-00064 7, + 5-11[1 + 0-0404D]y 
or 


[(1 + 0-117D) (1 +0-023D)] @ =0-00064 7, + 5-11[1 + 0-040D]y 
(61) 


Fig. 6 (below, left) Feed regulating valve characteristics 
(pressure-governed system) 


Fig. 7 (below) Driving turbine characteristics 


Rev/min 





in? 


_ Equilibrium line 
Oo 


eR ion 


3 
° 


Regulating valve pressure drop, |b; 
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For 50% load: eT 
[1 +0-0790D + 0-00127D2] Q =0-000306 7, + 5-25[1 + 0-0402D]y 
or 


{a +0-056D) (1+0-023D)] Q@ =0-000306 T, + 5-25[1 + 0-040D]}y 

(62) 
‘For 10% load: 

[1 + 0-0464D + 0-000240D?] Q= 0.000579 T,, + 5-84[1 + 0-0406D)y 

or 

[(1 + 0-040D) (1+ 0-006D)] Q Os T, + 5-84{1 +0-041D]y 
(63) 

Comparison with equation 29 gives the values of T,, T,, T, 

and C, shown in Table II (Jast month, p. 96). If the arithmetic 

is carefully checked, certain minor inconsistencies will be 


found, owing to the fact that some of the calculations are 


necessarily based on the small difference of two large quan- 


tities, and to avoid these errors the detailed arithmetic would 
have had to be performed with an accuracy quite unwarranted 
by the simple nature of the basic theory. Consequently the 
errors have been allowed to stand. 


Inter pretation 


All the time constants in Table II are small, and the 
system would give no trouble in practice. No response curves 
have been drawn, since for oscillations of the frequencies 
likely to be encountered in practice the phase lag between 
flow rate and regulating valve lift would be negligible. At low 
loads, T, and T, diminish — giving even greater stability 
and quicker response. 


System with Venturi-governed pump 
Design data 
Pump 


Curves of discharge pressure and torque against flow are 
the same as before, and are plotted in Fig. 5. 


Turbine and governor 

Turbine data are as before. 

Governor arranged as in Part I (Nov. 1960), p. 99, Fig. B, 
and designed to give discharge pressure of 650 lb/in? at 0-47 
ft?/s (3000 rev/min) and 600 Ib/in? at no load (2595 rev/min), 
thus giving 50lb/in? pressure drop across feed regulator at 
both full load and no load, This requires: 


0-500 in. 
0-205 in. 


Governor valve opening at full load 
Governor valve opening at no load 


For ease of comparison, assume same governor spring as 
before. 


Discharge system 
‘neral specification as in previous cases, but this will now 
lead to a different regulating valve since the available pressure 
drop across the valve is less than before except at full load. 
Pressure/flow characteristics are plotted in Fig. 8. 


Estimation of constants of proportionality 


Pump, turbine and governor constants 


Owing to the different equilibrium pressure: flow and 
torque:flow characteristics produced by the new governor, 
slight changes will appear in some of the pump constants Kp, 
Ky, K, and K,, and the turbine and governor constants 
Ky, Kg and Ky. These changes will not be calculated, as such 
exactness would not be justified in any practical case, and 
the above constants will all be assumed to have the same 
values as before (see Table I). A new governor constant Ky, 


representing the Venturi action which now appears, is esti- 
mated below. 
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Regulating valve pressure drop, | 


° O-1 0-2 0-3 0-4 




















Total flow rate, ft */sec 


Fig. 8 Feed regulating valve characteristics (Venturi-governed 
system) 


At no load, pressure alone is operative, and gives a governor 
valve opening of 0-205in. In changing from no load to full 
load, pressure rises by 50 lb/in?, which in absence of Venturi 
element would close governor valve by 0-250 in. (see previous 
example), whereas the governor valve actually opens further 
to 0-500 in. when pressure and Venturi elements act together. 
Additional opening due to Venturi element is therefore 


0-250 + (0-500 — 0-205) = 0-545 in. 
The additional opening, being proportional to g?, is therefore 
given at other loads by 


0-545(q /0-47)?in 
its range of change with respect to q being 
2 X 0-545 


477 q in. per ft®/s 
Hence K,= a q “=0-411 qs/ft? (64) 
12 X (0-47)2 
0-1932 s/ft? at 100% load 
leadingto Ky= 0-0966s/ft? at 50% load } (65) 


0-0193 s/ft? at 10% load 


The equilibrium pressure:flow characteristic to which this 
governor gives rise is plotted in Fig. 5. 


Discharge system and regulating valve constants 


Equilibrium conditions in the discharge system can be read 
from Fig. 5 and are now as follows: 








LOAD FLOW REGULATOR PRESSURE DROPS, Ib /in? 
% {t?/s | OPENING, in. PIPEWORK REGULATOR TOTAL 
102 0-479 1-02 52:0 50 102 
100 0-470 1-00 50-0 50 100 
98 0-461 0-98 48-0 50 98 
52 0-244 0-52 13-6 at 58 
50 0-235 0-50 12-5 43 56 
48 0-226 0-48 11-6 43 55 
11 0-0517 0-11 0-6 48 49 
10 0-047 0-10 0-5 48 49 
9 0-0423 0-09 0-4 48 49 





Using the method already described 


61,300 Ib s/ft5 at 100%, load 
K,= 68,600Ibs/ft5 at 50% load (66) 
300,000 Ib s/ft® at 10% load | 
162,000 Ib /ft® at 100%, load } 
262,000 Ib /ft® at 50% load (67) 
1,720,000 Ib/ft* at 10%, load | 


K, = 


To be continued 
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PRESSURE TRANSDUCERS 


THIS SURVEY of British-made pressure 
transducers includes those with electrical 
outputs, but not acoustic pressure re- 
ceivers (microphones or hydrophones)and 
pressure switches, The information in the 
table has been extracted from question- 
naires completed by the manufacturers, 
supplemented in some cases by addi- 
tional information available to the writer. 
Below are a few explanatory notes. 


SECTION I—General 

Name of manufacturer: in some cases the 
transducer may have been developed at 
a Government establishment, or be pro- 
duced under licence from a foreign firm. 
Dimensions and weight are approximate, 
and may be subject to variation. 


SECTION Ii—Input 

In column 4, gauge means pressure rela- 
tive to ambient (usually atmospheric) 
pressure; differential means a difference 
of two individually unknown pressures; 
absolute means pressure relative to 
vacuum. Admissible pressure media are 
given in the broadest possible terms; see 
column 21 for information about suit- 
ability for corrosive fluids. Only extreme 
pressure ranges have been quoted in 
column 5; a wide range of intermediate 
ranges is normally available. If the trans- 
ducer can withstand a _ higher line- 
pressure than its range indicates, maxi- 
mum line-pressure is quoted in column 7. 


SECTION 111I—Output 

Because of the great variety of trans- 
ducer principles employed, and ranges 
quoted, column 9 gives the most useful 
information on either sensitivity or full- 
scale output. Linearity (column 10) is the 
maximum deviation (expressed as per- 
centage of f.s.d.) at any point on the 
calibration curve, from an optimum 
straight line drawn through all points of 
calibration. In case of an inherently non- 
linear relationship a calibration curve 


114 


by H. K. P. NEUBERT, DR-ING 


R.A.E., Farnborough 


will normally be supplied by the manu- 
facturer. Accuracy (more precisely repeat- 
ability) quoted in column 11 is the error 
(expressed as percentage of f.s.d.) ob- 
tained in repeated runs of calibration, 
including errors due to hysteresis and 
creep, but excluding environmental errors 
(see section IV). The dynamic response 
{column 12) of a pressure transducer to 
sinusoidal, pressure fluctuations or to 
pressure transients is more often than 
not determined by its acoustic input- 
impedance, i.e. size of inlet tube and 
transducer cavity. It also depends greatly 
on the pressure medium employed. The 
resonant frequency of the diaphragm 
may only serve to determine the ultimate 
upper limit. Additional length of inlet 
pipes fitted to the transducer will usually 
reduce the useful frequency range of the 
transducer. Column 13: in order to avoid 
non-linearity or non-uniform frequency- 
response the output impedance of the 
transducer and the input impedance of 
the following circuit require matching. 


SECTION IV—Environment 

Column 14 gives the safe minimum and 
maximum ambient temperatures which 
will not permanently impair the calibra- 
tion of the transducer. With water-cooled 
transducers the maximum ambient tem- 
perature depends also on the efficiency 
of the cooling system. In columns 15 and 
16 zero shift and variation of sensitivity 
with temperature in per cent of full scale 
are average values only. They are usually 
not constant over a wide temperature 
range, and tend to increase with tem- 
perature. Column 17 gives the maximum 
acceleration (in terms of earth gravita- 
tion) which can be applied without per- 
manently impairing the calibration of 
the transducer. Column 18 gives mean 
calibration errors, also related to gravity. 


SECTION V—Instrumentation systems 
The instrumentation system or systems 


for which the transducer is intended are 
described in broad terms in column 20. 


SECTION vi—Applications and remarks 
This covers examples of typical applica- 
tions, and any further relevant informa- 
tion such as special features, suitability 
for corrosive media, etc. (column 21). 

Although the range of pressure trans- 
ducers now commercially available in 
this country is adequate for the major- 
ity of applications, in some cases, 
especially in the research regions of 
science and technology, there is room for 
further development. A recent survey by 
the Aircraft Data Reduction Committee 
of the S.B.A.C. on transducer usage and 
requirement (J) has come to conclusions 
similar to those the initiated reader may 
deduce from the present survey. With 
respect to pressure transducers, the re- 
quirements may be stated in broad terms: 
force-balance transducers of high accu- 
racy and fast response; digital-output 
transducers of small size; low-range 
transducers with fast response and low 
sensitivity to acceleration; transducers for 
use at extreme ambient temperatures; 
transducers having very fast responses. 

The general tendency of transducer 
development and usage is towards 
greater accuracies, say better than 1% 
f.s.d., and towards faster performance 
and smaller size.General-purpose pressure 
transducers with digital output will prob- 
ably soon be wanted on a wide scale in 
order to facilitate data reduction (com- 
putation, data storage, deferred analysis). 
It is also Obvious that any further trans- 
ducer development must be matched by 
an improvement in associated electronic 
equipment and more sophisticated cali- 
bration techniques. 


Reference 


1. Report on ‘ Trace Recording Equipment and 
Transducers used in the Aircraft Industry’ (April 
1959), S.B.A.C., 29 King Street, St James, 
London, S.W.1. 
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Regulating fuel oil to open-hearth furnaces 


Furnace reversal while fuel flow is under auto-control 


THE OPEN-HEARTH FURNACES AT THE 
Trafford Park, Manchester, steel-works 
of Taylor Brothers Ltd are fired alter- 
nately from either end, and Bailey 
Meters and Controls Ltd are respon- 
sible for equipment which efiables 
the operators to reverse firing while 
the fuel-oil flow is under automatic 
control. The oil is pumped from a 
main storage tank, through a header, 
at a pressure of 180Ibf/in? gauge 
and at a temperature of 200°F. 

The general arrangement will be 
apparent from Fig. 1. The rate of oil 
flow to a furnace is determined by 
the operator’s manual adjustment of 
the desired-value setting of the flow 
controller. This flow controller regu- 
lates a diaphragm-operated control 
valve in the oil supply line to maintain 
the desired fuel supply. The positioner 
fitted to the fuel control valve has 
* characterizing’ cams to match it to 
the air signal. 

Consider the reversing valve in Fig. 
1 to be ‘ open’, that is, fuel is flowing 
to fire the furnace from one or other 
end. This means that an air valve, 
which is operated by the action of the 


Fig. 1 Fuel-oil flow 
control. During fur- 
nace reversal, the re- 
versing valve closes, 
opening an air-bleed 
valve and so cutting 
off the air supply 
to the control sys- 
tem, and _ closing 
the fuel-oil valve. 
When - reversal is 
complete, the air 
valve closes and the 
air pressure rises, 
making the oil-flow 
control loop opera- 
tive again 


Instrument 
air supply 


Volume 
chamber 


Air bleed 


to atmosphere 


Fuel oil 


CONTROL February 1961 


Throttle &X) 


Reversing 
to furnace valve 


reversing valve, is ‘closed’, and the 
system operates in conventional 
fashion under the control of the fuel- 
oil flow loop. 

While the reversing operation is 
taking place—the flow of fuel is being 


FUEL OIL CONTROL 
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transferred from one end of the fur- 
nace to the other—the reversing valve 
is ‘closed’. This means that the air 
valve is ‘ open’ to bleed instrument air 
to atmosphere ; pressure in one cham- 
ber of the stack relay falls, the air 


ATOMIZING STEAM 
CONTROL 


Ratio relay 


Fig. 2 Oil and steam flow control. Oil flow is controlled as in Fig. 1. Atom- 

izing steam flows during reversal because, when the air-bleed valve opens and 

air pressure drops, a locking valve closes to lock the steam valve in position. 

When reversal is complete and the air valve closes, the locking valve opens and 
control proceeds normally 
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supply to the control system is shut 
off, and the fuel-oil control valve 
closes. 

When reversal is complete and the 
next firing half-cycle begins, the re- 
versing valve opens, and the air valve 
closes so that the air pressure builds 
up at a rate dependent upon the 
adjustment of the throttle. As this 
pressure increases, the pressure in one 
chamber of the stack relay rises, and a 
steadily increasing desired-value signal 
is fed to the fuel-flow controller. The 
latter thus regulates the opening of the 
diaphragm-operated fuel-control valve 
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so that it opens slowly. Furnace 
* puffs’, which can occur when firing 
is commenced too rapidly after a 
reversal, are thus avoided. 


Fuel and steam centrol 

At Taylor Brothers it is also re- 
quired that the flow of steam to the 
atomizing burners should be con- 
trolled, and Bailey Meters are now in- 
stalling equipment to do this. The 
intention is to control the atomizing 
steam flow so that six pounds of steam 
is supplied for every gallon of fuel oil. 
The system operates in conjunction 
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Concrete produced automatically 


A SINGLE OPERATOR CONTROLS AN 
automatic concrete batching and mix- 
ing plant which is now operated by 
John Henshall (Quarries) Ltd at the 
Sealand Trading Estate, Chester. The 
plant, which is controlled from the 
central push-button console of Fig. 2 
and is capable of producing 60 yd*/h 
of ready-mixed concrete, was designed 


Fig. 1 John Henshall’s automatic con- 
crete batching plant 


Fig. 2 The weight-indicating dials and 
console are grouped together for con- 
trol by a single operator 


with the fuel-oil control, described 
above, and is shown diagrammatically 
in Fig. 2. 

Both oil and steam flow are con- 
trolled, the oil-flow signal being 
proportioned to form the desired-value 
signal to the steam-flow controller 
which positions the atomizing-steam 
valve. It is necessary that the atomiz- 
ing steam should continue to flow 
during the reversing operation, and at 
the same rate of flow as that immedi- 
ately prior to reversal. This is achieved 
with the aid of an air-operated lock- 
ing valve which is connected in the 


output of the positioner of the steam- 
control valve. 

The supply from the air valve, 
which is operated by the action of the 
fuel-oil reversing valve, is cut off 
during furnace reversal, in the manner 
described above. This causes the air 
locking valve (or ‘ fail-fix’ valve) to 
close, locking the position of the steam 
control valve and so maintaining the 
flow of atomizing steam. Once re- 
versal is complete, the air valve closes 
and the air supply increases, so open- 
ing the locking valve and allowing the 
control system to operate normally. 


Ready-mixed concrete under electropneumatic control 


and manufactured by  Millars’ 
Machinery Co. Ltd, electropneumatic 
control being the responsibility of 
Maxam Power Ltd. 

The general arrangement of the 
plant can be seen in Fig. 3. An aggre- 
gate storage hopper of 48 yd’ total 
capacity is divided into four equal 
compartments, each having a twin out- 
let fitted with radial doors which are 
operated pneumatically by 4-in bore 
Maxam cylinders. Beneath this hop- 
per is an aggregate-weigh hopper car- 
ried in a batch-weigher. The system 
feeds weight information for display 
on a dial which is calibrated 0 to 
8000 lb in 101b divisions, the dial 
being mounted above the operator's 
console (Fig. 2). 

Cement is held in a twin-compart- 
ment storage hopper of 30 cwt capa- 
city. This is equipped with a pneuma- 
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Fig. 3 General arrangement of the plant 


tic conveyor and blowing unit for charg- 
ing a cement surge hopper of 10-ton 
capacity, which has twin compart- 
ments. Beneath the surge hopper is a 
cement-weigh hopper, carried in a 
batch-weigher, which is connected to 
a remote dial calibrated 0 to 1500 Ib 
in 5lb divisions, and also situated 
above the operator’s console. The out- 
let of the weigher is fitted with re- 
verse radial-type doors operated pneu- 
matically by 3-in bore cylinders. 
Before commencing the production 
cycle, the operator positions transis- 
torized photo-electric scanning heads. 
which are sited on a ring immediately 
in front of the weigh dials, in order 
to obtain the required weight of aggre- 
gate and cement from each storage 
hopper. The operator then presses a 
‘start’ button for aggregate and 
cement weighing, both materials being 
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Fig. 4 Circuit diagram showing push- 
button switches, photo-el_ct ic scanning 
devices (P1 to P7) on the weigh dials, 
and solenoid-operated pneumatic cylin- 
ders which control the feed of materials. 
(Manual override control not shown) 


weighed simultaneously. The respec- 
tive doors open and materials dis- 
charge into the weigh hopper. As the 
weight-recording pointers of the dial 
indicators move in response to weight 
signals, they pass the pre-positioned 
photo-cells causing electrical impulses 
to be fed to the solenoid valves which 
operate the cylinders. The aggregate 
doors open and close in succession, 
and lights on the control platform in- 
dicate when the weighing of both 
materials is complete. The ‘ unload for 
mixing’ button is then operated and 
the aggregate is discharged onto an 
inclined troughed-belt conveyor, 84 ft 
long, which feeds into a 14-yd* com- 
pulsory paddle mixer. A time delay 
ensures that cement and aggregate dis- 
charge together into the mixer. 

The Millars’ mixer has blades on 
twin shafts, and is driven by a 50 h.p. 
Crompton Parkinson motor running at 
1500-1440 rev/min through a Radicon 
reduction gear-box. 

Water, is: added to the mix by the 
operator, the amount being preset on 
a Tyler water meter. A Maxam 3-in 
bore cylinder operates the valve con- 
trolling the flow of water, its open- 
ing being initiated by the operator, 
and this closes automatically on receipt 
of a signal from the water meter. 
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The operator is provided with 
manual overrides so that he may 
weigh directly from the scale for small 
batches. Electropneumatic control is 
also provided in the cement conveyor 
system to divert the flow of cement to 
one or other of the silos when filling 
them from the blowing unit. 


Photo-electric-pneumatic control 

Fig. 4 is a simplified circuit diagram 
of the system, and reference to this, 
in conjunction with Fig. 3, gives a 
more detailed picture of the plant’s 
operation. There are five photo-electric 
scanning heads (P1 to P5) on the 
aggregate-weigh dial and two (P6 and 
P7) on the cement-weigh dial. The 
operator pushes the ‘start aggregate 
weighing’ button, Bl, and, provided 
that P1 is operated by the dial pointer, 
cylinder Cl opens hopper A. When 
the weight of aggregate in the weigh 
hopper is such that the dial pointer 
operates P2, Cl closes hopper A and 
C2 opens hopper B. In this manner 
the four hoppers, A, B, C and D, 
discharge in turn into the aggregate- 
weigh hopper, the amount from each 
being predetermined by the initial set- 
tings of the photo-electric devices P2, 
P3, P4 and PS, respectively. Aggregate 
weighing is complete when PS is oper- 
ated by the dial pointer, and cylinder 
C4 closes hopper D. This is indicated 
by lamp LI. 

Cement batching, which may take 
place at the same time as aggregrate 
batching, commences with the selec- 
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tion of either cement hopper | or 2, 
using switch SS1, and the operation of 
push-button B2. Provided that the 
pointer on the cement-weigh dial oper- 
ates P6, cylinder C6 or C7—depend- 
ing on which cement hopper has been 
selected—operates. Thus cement flows 
into the weigh hopper until the pointer 
on the cement-weigh: dial operates P7, 
when weighing of that material is com- 
plete, as is indicated by lamp L2. 

If it is intended to-load the two 
materials into. truck. mixers, push-but- 
ton B4 is operated ; if they are to be 
discharged with. water'into the mixer 
on the plant, BS is operated. These 
switches control cylinder..C9, which 
will move’ a flap to give the required 
selection. 

For ‘discharge. to truck mixers, B4 
is operated and cylinder CS acts, 
allowing the weighed aggregate to be 
discharged. onto the ‘feed conveyor. 
After a time delay. sufficient to allow 
the aggregate to reach the top of the 
conveyor, cylinder C8 on the cement- 
weigh hopper operates, and both aggre- 
grate and cement are fed together to 
the truck mixers. 

For the supply of ready-mixed con- 
crete to open trucks, B6 is operated 
and the system proceeds much as be- 
fore, although cylinder C9 is now act- 
ing to divert the flow of material to 
the mixer, which also receives water. 
After a predetermined amount of 
water has passed into the mixer, cylin- 
der C10 closes the water valve, and 
mixing proceeds. 










































































































































































































































































































































Pick-off . 


UCH OF THE MATERIAL on 
Mee at the ‘ Phys, Soc.’* this 
year seemed to me to be in- 


appropriate, As evidence of the sort 
of thing I should prefer not to see, I 
could quote an established computing 
system (surely there is a computer 
show, where such machines can be 
judged for their excellence against 
their competitors?), and standard 
American equipment being manufac- 
tured under licence. The larger firms 
seems to be most remiss in this re- 
spect, for they seem particularly to 
lack appreciation of the academic 
point of view, which I feed ought to 
prevail at the ‘ Phys. Soc.’. 

Less alarming, but perhaps more 
surprising, was the lack of knowledge 
displayed this year by some of the 
exhibitors’ representatives. I followed 
the exhibition from the catalogue (an 
extremely useful publication for 
which, in general, the organizers de- 
serve praise). One representative, set 
to guard a single exhibit which, for 
him, was clearly the raison d’étre of 
the whole show, calmly assured me 
that it represented two manifestly dif- 
ferent catalogue items; he even went so 
far as to explain, in a brief ecstasy of 
confusion, how this remarkable trans- 
formation could be brought about. 
Another, confronted with a particular 
catalogue entry, took the attitude that 
as he knew nothing of it, the cata- 
logue must be in error; he showed 
no inclination to consult any of his 
numerous colleagues on the question. 
Personally, I liked ‘best the more 
straightforward form of legerdemain 
practised by yet another exhibitor, 
who started one item of his catalogue 
entry with the words ‘On show for 
the first time will be the . . .” and 
ended it with the remark, in paren- 
thesis, ‘ Will not be on show’. 


for Automatic Control was so im- 
pressed by Dr Foster’s ‘Viewpoint’ 
in last July’s Control that it has asked 
for the Editor’s permission to circu- 
late the text locally. Dr Foster (you 


I HEAR THAT the Argentinian Centre 


*Reviewed this month on p. 85—EprToOR 
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may remember) was telling us to buck 
our ideas up in automating British in- 
dustry. What a punishing bit of irony 
it will be if the point is better taken 
in the Argentine than at home! 

The Centre’s aims, incidentally, 
seem wholly laudable: to bring to- 
gether all ‘ scientists and technicians ’ 
who are interested in automatic con- 
trol, help them to improve their 
knowledge of it, keep in touch with 
similar bodies abroad, foster educa- 
tion, study economic and technologi- 
cal consequences, assist industry, and 
so on. Good luck to them. Perhaps 
they will soon be able to show our 
B.C.A.C. how to activate itself. 


WO PROBLEMS concerned with 
| technical graduates seem con- 
stantly to preoccupy the minds 
of those whose business it is to con- 
sider such matters: one is how to get 
enough of them, and the other is 
what to do with them when you have 
them. A recent publication, inspired 
by the Institution of Electrical Engin- 
eers and entitled ‘The Training of 
Graduates in Industry’, deals with 
the second problem. 

One rather surprising aspect of the 
publication, I thought, was that the 
committee which produced it con- 
siders it a duty to organize the 
graduate’s leisure, as well as his work- 
ing hours. Surely a graduate, having 
had (one assumes) the major respon- 
sibility in planning the use of his 
time during his university career, can 
at least organize his own leisure hours 
on returning to the outside world? 
The graduate, I feel, may justifiably be 
offended at the degree of control 
which the LE.E. committee considers 
it fitting to exercise over his spare 
time. Not only do they think that 
the trainee requires ‘guidance .. . 
on his private reading’, but that an 
association should be formed to ‘ co- 
ordinate the appropriate activities of 
all apprentices outside working 
hours’. Although ‘appropriate acti- 
vities’ are not specifically defined, 
the ones enumerated in the following 
paragraph include cycling, youth- 
hostelling, and cricket—in fact all 






those things which our Victorian 
ancestors regarded as intrinsically vir- 
tuous. As the booklet proudly pro- 
claims, ‘An active Association will 
not leave the members much spare 
time for joining other recreational 
organizations .. .’. 

I am sorry to have to disagree with 
this side of the LE.E. committee’s 
recommendations. It seems to me that 
deliberate encouragement to remain 
almost exclusively to the company of 
one’s own kind would be wrong in 
any profession. Already barriers seem 
to exist, not only in communication be- 
tween engineers and other professions, 
but even inside the world of engin- 
eering, between its various branches. 
Wider social contact at the early 
stages might improve this situation. 


medium-top people a few weeks 

ago, I was amused to hear their 
rather fruity language about the 
Government. ‘Electronics has been 
sold down the river’ was the drift of 
the complaint, and I could sympa- 
thize with the deep feeling behind it. 
The cost-plus era is over, and free 
enterprise is not suiting everybody. 
It is interesting, and perhaps instruc- 
tive, that the deserted industries are 
looking for their salvation in the 
automatic control business. The home 
market is alarmingly small, however, 
and I fear that many firms are in for 
a thin time. It would be another story 
if the trade barriers could be wiped 
away in Europe, but six plus seven 
seems to make an unlucky number. 


ALKING of the top people again, 

how do they get enough feel of 
the contemporary _ technical 
situation to make sensible and profit- 
able decisions? In other countries; on 
both sides of the Atlantic, the most 
senior men meet at professional con- 
ferences and exhibitions, not only to 
hear what their peers will let out, but 
to discover how the other half lives— 
the other half in the lower levels of 
the industrial pyramid. In this country 
we seldom see apex-men at profes- 
sional meetings. Last month’s informal 
gathering at the Institution of Mech- 
anical Engineers,* for instance, was 
attended mainly by young techno- 
logists, and the senior men there were 
not (on the whole) in the loftiest 
managerial class. I thought this was a 
shame, because the managers ought 
to learn a lot from this kind of meet- 
ing. Is it false dignity that keeps the 
policy-makers out of sight? Their 
decisions look no better, for all that. 


THE COMPANY of some 


*Reported this month on p. 88—EDrTOR 





CONTROL February 1961 



















A monthly review—under basic headings—of the latest control 


engineering developments for all industries; specially edited for busy 
technical management, plant and production engineers, chemical en- 


...to TEMPERATURE 


High temperatures inferred from 
properties of heated gas-stream 
The method of measurement described 
here is being developed by Construc- 
tors John Brown for high-temperature 
applications where thermocouples have 
been found unsatisfactory, mainly be- 
cause of contamination of the wires. 
Basically, the method depends on the 
variation with temperature .of the 
pressure drop in an inert gas flowing 
through a capillary at a constant rate. 
A ‘measuring’ capillary is built into 
a probe which is at the temperature 
that is to be measured; the pressure 
drop across this capillary is compared 
in a bridge network with the drop 
across another capillary which is kept 
at constant temperature. The appara- 
tus is designed so that it can, if neces- 
sary, be made entirely of non-metallic 
refractory materials. 

The arrangement of the ‘ gas-bridge 
thermometer’ is shown in Fig. 1.1. A 
filtered supply of low-pressure inert 
gas enters the bridge at E. The gas 
passes through the bridge by one of 
the alternative routes BA and CDF; 
A, B, C and D are capillary restric- 
tions. Any pressure difference between 
the B-A ‘junction’ and the C-D ‘junc- 
tion’ is indicated by the manometer 
M (or other pressure-measuring de- 
vice). An obvious advantage of this 
arrangement is that only clean, inert 
gas passes through the measuring 
device; the system is, in fact, being 
continuously purged. 

For a gas flowing through a capil- 
lary, the pressure drop across the 
capillary is proportional to Juu/ pd’, 
where | = capillary length, d = dia- 
meter, » = gas viscosity, p = density, 
and u = mass flow. If the gas were 
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- gineers, etc., who are not specialized in instrument and control systems 


perfect, p would be inversely propor- 
tional to the absolute temperature, T, 
and » would be proportional to \/T. 
Neglecting the changes in d and | due 
to the change in T, p will be propor- 
tional to T*/? if the mass flow, u, is 
kept constant. Thus variations of p, 
as indicated on the manometer, may 
be expected to give a good indication 
of T. For real gases, p usually in- 
creases more rapidly with JT than 
would be expected from this law. 
For optimum sensitivity, it is de- 
sirable that the bridge should operate 
in an approximately balanced condi- 
tion. Clearly this can occur at only 
one temperature, so that the bridge 
will normally. be designed to balance 
at a convenient point in the working 
range. This is achieved by making all 
capillaries of the same diameter, but 
altering the length of B so that the 
pressure-drops across A and B are 
equal at the chosen ‘balance’ tem- 
perature. Reference to the expression 
given above for the pressure-drop 
across. a capillary shows that the 
lengths require to be such that /,/l, 
= (T,/T,)*/ where T is the absolute 
temperature, and the suffixes A and B 
refer to the appropriate capillaries. 
The arrangement is closely analogous 
to an electrical Wheatstone bridge, the 
manometer, which corresponds to the 
galvanometer, showing any departure 
from the balance condition. The tube 
F is analogous to the compensating 
leads employed when a Wheatstone 
bridge is used‘as a temperature mea- 
suring device with a resistance ther- 
mometer element. When the bridge is 
balanced, the gas-flows in the two 
probe tubes are identical, as are the 
temperature gradients along them. 


Consequently the pressure-drops along 
these two tubes will be equal, and 
no error will be introduced. 





The balance condition will be un- 
affected by the pressure of the supply 
at E, though this will affect the read- 
ing of manometer M when the bridge 
is unbalanced, and consequently re- 
quires to be stabilized by a pressure 
regulator. The manometer N is in- 
cluded to check the operation of the 
regulator. 

The flow of gas through capillary 
A tends to cool it and cause low tem- 


Probe F 


Constant temperature 


enclosure 





Fig. 1.1 General arrangement of gas- 


bridge thermometer 


perature readings. This effect can be 
minimized by keeping the gas flow 
small, and by ensuring that an ample 
length of probe upstream of A is 
heated to the temperature to be 
measured. The residual effect can b2 
allowed for in calibration. 

An experimental bridge of this typz 
has beer tested for a 100-h period at 
temperatures between 1000°C and 
1200°C. No drift was observed during 
this period, and overall accuracy, re- 
ferred to a platinum/platinum-rhod- 
ium thermocouple, was within + 4°. 
The test apparatus incorporated cer- 
tain refinements not shown in Fig. 1.1, 
including a connexion between the 
open end of the manometer N and the 
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furnace ; this made it possible to regu- 
late the supply pressure with respect to 
the furnace pressure, rather than with 
respect to atmospheric pressure. Sen- 
sitivity of the equipment was of the 
order of 0°5 inH,O/ 100 degC, but it is 
pointed out that the design could be 
modified to give much greater sensi- 
tivities. Further tests at temperatures 
of about 1600°C are contemplated. 
The whole equipment is the subject 
of provisional patents taken out by 
Constructors John Brown. 


Pyrometer for moving surfaces 


The temperatures of moving surfaces, 
such as those of high-speed cylinders 
used in the paper industry, are conven- 
tionally measured by thermocouples 
fabricated from flat strip. These are 
applied directly to the surface, and 


Disk thermocoupie- Ansulating material 


Air pocket 


Phosphor-bronze.. ,Moving 
strip oe surface 


Fig. 1.2 Schematic cross-section of pyro- 
meter sensing element 


result 
friction. 


errors necessarily because of 
heat generated by Errors 
from this cause are not serious at rela- 
tively low speeds—say up to 200 ft 
min — but unacceptable at 
higher speeds. 

A new type of surface pyrometer. 
introduced by the Cambridge Instru- 
ment Co, has been des‘gned to reduce 
this error. As will be seen from Fig 
1.2, the thermocouple in this device 
does not make contact with the 
moving surface, but forms one face of 
a shallow cylindrical air cavity. The 
opposite face of this cavity is formed 
by the moving surface. In operation, 
the flexible phosphor-bronze strip, in 
which, the air cavity is cut, is brought 
into contact with the surface; the 
enclosed air becomes turbulent and 
quickly reaches a temperature corres- 
ponding to that of the surface; this 
temperature is detected by the disk- 
type thermocouple, which, _ being 
heavily insulated on its upper side, 
also follows the surface temperature. 

The air pocket in this design is 
0-03 in deep. The thermocouple com- 
prises a copper disk with a constantan 
lead soldered to its centre, and a cop- 
per lead soldered to its periphery, the 
disk being held in place by a Silas- 


become 
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tomer moulding. This material, which 
is flexible, and has good heat-resisting 
properties, is bonded to the phosphor- 
bronze strip and reinforced with fibre- 
glass. 

It is thought that this pyrometer will 
be suitable for use at surface speeds 
of up to at least 2000 ft/min and tem- 
peratures up to about 300°C. Tests 
carried out by the makers suggest that 
the response time (to reach 99%, of the 
final reading) is about 14} min and that 
the total error at 100°C will not ex- 
ceed + 2 degC. 


..- fo SERVO-NOTORS 


Modular construction of gear-heads 
giving wide range of gear-ratios 

M. D. HULL, Pioneer Designs Lid 

Standard gear-heads for miniature 
servo-motors are usually supplied with 
reduction ratios of 40, 80, 150, 300 or 
600: 1. To obtain higher ratios these 
gear-heads may be used in cascade, 
other ratios being achieved by speci- 
ally made gear-heads. There remains, 
however, a demand for a relatively 
inexpensive means of obtaining a wide 
range of gcar-82tio~. 

A system being -developed by the 
Servokits Division of Pioneer Designs 
Ltd is intended to satisfy this demand. 
Gear-heads are built up of a series of 
modules, each containing a mating 
gear and pinion, stacked on end until 
the desired ratio is reached, as shown 
in Fig. 2.1. The design is so rational- 
ized that a minimum number of dif- 


Identical gear-pinion 
assemblies used 
throughout 


dentical bearing plates 
fitted with two bearings 


gear-and-pinion pairs in a gear-head of 
given international frame size. This 
permits the bearing plates to be stan- 
dardized for each size. Mating pairs 
are made in a series of whole-number 
ratios, i.e., 2:1, 3:1, 4:1, and so on, 
using pinions of 21 teeth in each case. 
To achieve this in conjunction with 
the fixed centre-distance, it is neces- 
sary to use a different diametral pitch 
(d.p.) for each ratio.* 

The reduction which can be achieved 
in one pass is limited by (i) the mini- 
mum size of the pinion and (ii) the 
gear-head frame size. Clearly there is 
a lower practical limit to both the 
number of teeth on the pinion and to 
the size of tooth (i.e., when the num- 
ber of teeth has been fixed, a maxi- 
mum limit on the d.p.). When the 
minimum pinion size has been thus 
decided, the maximum reduction at 
one pass is determined by the physical 
limitation, imposed by the frame size, 
on the diameter of the mating gear. 

For international frame sizes 11, 
15 and 18, the standard servo-motor 
output pinion has 21 teeth of 120 
d.p. ‘This pinion was taken as the stan- 
dard ‘size for the system under dis- 
cussion. The standard centre-distance 
for each frame size was then defined 
as ‘that obtained when mating this 
pinion with the largest possible gear 
(within the limits imposed by the 
frame diameter). Thus, for a size-23 
gear-head, the largest whole-number 
ratio obtainable in this way is 5:1, 
using’a 105-tooth 120-d.p. gear. The 


Hole for servo-motor 
pinion or output pinion 
bearing 


Holes for 
bearings 


Size-\8 
servo-motor 


Clearance hole 
for pinion 


Fig. 2.1 Construction of typical gear-head. Left: schematic section. Right: bearing- 
plate layout 


ferent component parts is used. The 
system produces a wide variety of 
gear-ratios, e.g., 33 different ratios be- 
tween 1:1 and 100: 1 may be obtained 
with a size-23 gear-head. Standardiza- 
tion of the component parts results in 
considerable reduction in final cost. 
The basic approach in the design of 
these gear-heads has been to use a 
fixed centre-distance for all mating 


centre-distance for this pair is 0-525 in. 
This distance is taken as standard for 
the size-23 gear-head, and the appro- 
priate d.p.’s are calculated for mating 


* The diametral pitch (d.p.) of a gear is the num- 
ber of teeth divided by its pitch circle diameter. 
If two mating gears are to give a ratio of r:1, 
and the number of teeth on the smaller gear 
(pinion) is m, it is easily seen that the d.p. is 
related to the centre-distance c by the formula 
d.p. = a{l + r)/2c. In the system described here. 
n and c are fixed for a given gear-head. necessitat- 
ing a change of d.p. whenever r is changed. 
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pairs, to give the lower whole-:number 
ratios of 4:1, 3:1, and 2:1. 

It is desirable with this system that 
the required overall gear-ratio should 
be, obtained by. using a series of passes 
of the same reduction, thus allowing 
use of a series of identical gear-and- 
pinion assemblies. The method of 


construction (Fig. 2.1) is designed so_ 


that each gear-pinion assembly is of 
equal length, and the distance between 
the gear and pinion on the assembly 
is constant. All gear-pinion assemblie; 
will thus be identical if the reduction 
at each pass is the same, but if this 
reduction is not constant, a non-stan- 
dard assembly having gear and pinion 
of unequal. d.p. will have to be ‘in- 
cluded. Only the servo-motor pinion 
which drives the gear-head is coaxial 
with the output gear on the axis of 
the gearhead. The centres of the gear- 
pinion assemblies are _ successively 
orientated at 60° intervals around this 
axis, Theoretically any number of 
modules can be stacked in the manner 
shown, correct. alignment being en- 


sured by dowels. 
+ 


---toDATA HANDLING 





Analogue-to-digital converter for 
high-speed scanaing system 

In digital data handling systems where 
the input information is taken from 
large numbers of d.c. low-level ana- 
logue sources, two problems of signal 
amplification usually arise. Firstly, a 
decision has to be made on the num- 
ber of amplifiers, i.e. whether to have 
individual amplifiers for each source, 
or to arrange for a number of sources 
to share one amplifier; the latter 
arrangement is more economical, but 
introduces further difficulties associa- 
ted with the switching of low-level 
signals. Secondly, if amplifiers are 
used in the conventional manner, it is 
difficult to obtain the stable and linear 
gain characteristic necessary for hig’ 
accuracy. 

A new approach to these amplifica- 
tion problems is seen in a system de- 
veloped by Marconi Instruments for 
temperature scanning in nuclear power 
plants. Signals are switched at low- 
level-by dry-reed relays, and analogue- 
to-digital: Conversion is carried ‘out 
without amplification in the conven- 
tional sense. 

The dry-reed relay comprises two 
flexible :contact-strips of ferro-mag- 
netic. material, sealed inside a glass 
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tube and controlled by an external 
coil, The strips are fixed in opposite 
ends of. the tube, with their free ends 
overlapping to form contacts. Good 
contact is ensured by plating the con- 
tact area with gold or other precious 
metal ; the tube is filled with inert gas, 
and completely sealed. 


Input e 
(e.m.t. to be 
measured) ° 


Voltage 
feedback 
unit 


Timing 
unit 


This method of switching has been 
shown to perform well over 10° opera- 
tions in this application, and should 
be free from ‘ noise” and dirty-con- 
tact troubles. Speed of operation is of 
the order of 1 ms in either direction. 

The four main elements of the ana- 
logue-to-digital conversion equipment 
are shown in_ simplified block- 
schematic form in-Fig. 3.1. The timing 
unit sequentially energizes a number 
of lines which control the various op- 
erations of the system. At any given 
time in the sequence, the voltage feed- 
back unit generates a specific voltage 
which is compared with the voltage to 
be measured. The difference between 
the two voltages is fed ta the sign 
detector, which sends a signal back to 
the voltage feedback unit. This signal 
depends only on the sign of the differ- 
ence, and not on its magnitude. 

The sequence of operations is as 
follows. The first signal sent to the 
subtractor ‘produces a voltage corres- 
ponding to a temperature of 512°C. 
This is compared with the unknown 
voltage, and either an ‘above’ or 
‘below’ signal is returned to the vol- 
tage feedback un‘t. If a * below’ sig- 
nal is received (i.e. the unknown vol- 
tage’ is the lower), the next output 
signal corresponds to 256°C; an 
‘above’ signal results in an output 
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made up of the sum of the original 
output and the 256°C signal, ic. a 
signal representing 768°C. This: pro- 
cess is repeated eleven times for each 
complete mieasurement.; » after each 
comparison, the previous feedback 
signal remains ‘on’ if the unknown 
voltage was the higher, and is taken 


Fig. 3.1, Block. diagram of 
digitizer. The’ voltage feed- 
back unit responds with a 
series. of ‘potentials t6 im- 
pulses from the timing unit; 
the subtractor compares these 
potentials with the input 


‘off’ if it was the lower. When on: 
such measuring sequence is completed, 
the final state of the switching for the 
feedback signals (i.e. ‘ on’ or * off’ for 
the 512°C, 256°C, 128°C .. . signals in 
order) gives a binary-coded’ digital 
signal repres:nting ‘the thermocouple 
output to the nearest + degC. 

The electronic circuits used in this 
system are described elsewhere (/), 
and will not be given here. However, 
the method of comparison and digit- 
ization is of interest in principle, and 
can be seen in general terms by refer- 
ence to Fig. 3.2. The outputs being 
scanned are switched in turn to the 
input terminals (/, /) of the digitizer. 
D represents a stabilized voltage sup- 
ply unit in which the line A is at all 
times held accurately 6 V positive re- 
lative to. B; the line A, however, can- 
not pass any appreciable current in 
either direction. The resistance r is the 
‘subtractor’ of Fig. 3.1, and’ the 
potential between lines C and A is 
equal to the voltage generated across r. 

The timing unit-closes each of th 
switches S,......8,;,' (actHally: transisto- 
circuits) in turn. When S, is :¢losed, a 
current of 6/R,. armps flows: from B 
through R, and « to C. This: current 
Causes a voltage drop of 6r/R, acros 
r.{corresponding to a measured: tem- 
perature of 512°C) in opposition .to 


Sign detector 


Fig. 3.2 Schematic 
diagram of voltage 
feedback unit. The 
switches S, 

represent transistor 
switching circuits, . | 
and r is the sub- 
tractor. of Fig. 3.1 Scanning 
relays 
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the output from the thermocouple. 
The direction of the resultant potential 
across the input to the sign detector 
thus depends on the relative magni- 
tudes of the thermocouple input and 
the feedback input across r. 

The sign detector is a d.c. amplifier, 
but because of the manner in which 
it is used, it does not require to have 
stable or linear gain. (It does, how- 
ever, require to have a stable zero). 
This amplifier gives full output for an 
input smaller than that represented by 
the final digit of the digitized signal ; 
for higher inputs, the output remains 
saturated. 

It may be noted that, at balance, the 
thermocouple e.m.f. is equal, within 
one digit, to the voltage across r, so 
that the effective input impedance is 
much higher than the input impedance 
of the sign detector; this means that 
the thermocouple impedance may be 
high without affecting the reading. 

The system has been designed for 
an accuracy of 0-1% of full-scale read- 
ing, and for a conversion time of 
25 ms. Circuits can be incorporated to 
linearize the outputs of copper-con- 
stantan and chromel-alumel thermo- 
couples, so that the digitized output is 
directly representative of temperature 


rather than thermocouple e.m.f. 
Reference 


1. Gilbert, R. L. G.: ‘ An Analogue-Digital Con- 
verter with Long Life’ Journal Brit. 1.R.E.., 
1960, 20 (No. 7, July), pp. 529-535 


---to FLOW 





Meter with fluid rotor-bearing 
surface 
Flowmeters incorporating a ‘ propel- 
ler ’-type rotor driven by the metered 
fluid appear to be becoming increas- 
ingly popular, possibly because of the 
ease with which the output from such 
meters may be obtained in digital 
form. Meters of this type tend to be 
inaccurate at low flows. A major cause 
of this inaccuracy is bearing friction, 
which varies in an _ indeterminate 
manner. Various means have been 
adopted on commercial flowmeters to 
relieve axial thrust on rotor bearings 
(see Ideas Applied, June 1960) and 
these can be expected to reduce fric- 
tion to some extent. Meters now being 
developed at the National Engineering 
Laboratory (N.E.L.), however, incor- 
porate fluid bearing surfaces in an 
attempt to overcome the trouble com- 
pletely. 

A typical N.E.L. flowmeter is shown 
schematically in Fig. 4.1. The ends 
of the rotor hub are unsupported, all 
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bearing loads being taken on the slant 
surfaces of a bearing ring which sur- 
rounds the rotor. The space between 
these bearing surfaces and the corres- 
ponding stationary surfaces is continu- 
ously supplied with high-pressure fluid, 
this fluid being identical with that be- 
ing metered. The high-pressure fluid 
is supplied through ports at a number 
of points round the periphery of the 
bearing, the minimum number of such 
points being three on each of the slant 
faces. 





High-pressure supply 


Fig. 4.1 N.E.L. rotary-type flowmeter 
with fluid-film bearing (schematic) 


Output is obtained from an electro- 
magnetic pick-up in the usual way, 
pulses being produced by the move- 
ment of metallic inserts in the plastic 
bearing ring. 

This method of using a dynamic 
fluid film between the static and rotat- 
ing parts eliminates all static friction. 
It permits a wider range of flows to be 
metered with a linear response than is 
possible when conventional bearings 
are used. The N.ELL. hopes that it will 
be possible to mould rotors with 
sufficient accuracy to make individual 
calibration unnecessary. The prototype 
was designed for fitting in a pipe, but 
it is thought that the method will also 
prove useful for point measurements 
in large cross-sections. 


..-to POWER 


Continuous 
horsepower 
A system for measuring the mechani- 
cal power being delivered by a driving 
shaft has recently been developed by 
Pametrada* and is being applied and 
manufactured by Muirhead & Co. 


integration of shaft 


* Parsons and Marine Engineering Turbine Re 
search and Development Association. 






The «system, shown schematically in 
Fig. 5.1, gives a digital indication of 
the work done—in horsepower-hours 
—by a ship’s propeller shaft. 

The torque in the shaft is inferred 
from the angular strain. Two identical 
armature rings, have typically eleven 
poles, are fixed at a known distance 
apart on the driving shaft. As the 
shaft rotates, pulses are generated by 
the electromagnetic pick-ups A and B 
as a result of the movement of the 
armature poles. The armature rings 
are accurately aligned so that, when 
no torque is applied to the shaft, the 
pulses from A and B occur simul- 
taneously. When torque is applied, the 
shaft twists and the B pulse lags the A 
pulse by an amount proportional to 
torque. 

A generator, which is driven from 
the main shaft, produces an a.c. signal 
of frequency proportional to shaft 
speed. This a.c. signal is fed to an 
electronic ‘ gate’ which is opened by 
the A pulse and closed by the B pulse. 

Since the interval between the 
pulses from A and B is proportional 
to torque, the number of a.c. cycles 
which is allowed to pass through the 
gate is proportional to the work done. 
These a.c. signals are used to operate 
a counter, which therefore indicates 
the total work done over a given 
period. 

At any given time, mean shaft horse- 
power may be obtained by taking a 
separate output from the counter and 





Amplifier 
and 


Fig. 5.1 


Schematic diagram of power 
measuring system 


feeding it to another counter for a 
short fixed period. Similarly, mean 
shaft speed is obtained by counting 
the pulses from A (or B) over the 
same period. 

This equipment was developed to 
make efficiency figures obtainable 
during the normal operation of the 
ship, or during acceptance tests. It is 
claimed that accuracy at normal 
speeds should be within 0-25%, pro- 
vided that the torque/strain relation- 
ship for the shaft is accurately known. 
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Included in this month's 


-a@ unique method of square root correction 


Look at America 


news-letter from our American correspondents 


is a description of a flowmeter incorporating 


This month: numerical control—root-corrected flowmeter—telephones—servo compen- 
sation—education 


Pneumatic-hydraulic 


numerical control 

A recent and unique advance in numeri- 
cal control has been the development of 
a  pneumatic-hydraulic point-to-point 
positioning system by Moog Servocon- 
trols, Inc, East Aurora, New York (/,*2). 
The new Moog system employs only 
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pressure 



































To drain 


Fig. 1 Cross-section of linear hydraulic 
controller, showing ‘ hole-seeking ’ char- 
acteristic 


pneumatic and hydraulic circuitry from 
the tape reader to the X and Y axis 
machine-table actuators. Binary-coded 
information on a standard 1-in, eight- 
channel punched tape is read by a pneu- 
matic tape reader. Information from the 
reader, in the form of air pressures, serves 
to operate a multi-level binary selector 
valve that in turn defines the desired 
position of a hydraulic controller. 

The principle of operation of the 
hydraulic controller is best understood 
by referring to Fig. 1. If, for example, 
No. 2 hole in the cylinder wall is opened 
to drain, the pressure in the left end of 
the cylinder will drop.. The resulting 
pressure difference will cause the piston 
to move to a ‘null’ position over the 
hole so that the leakages to drain and 
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the pressures on either side of the piston 
are balanced. The controller becomes a 
numerical positioner if provision is 
made to select any one of a series of 
holes in the cylinder as a result of com- 
mands from the punched tape. The posi- 
tional accuracy of the controller, operat- 
ing under no load, is determined by the 
accuracy of location of the holes, 
whereas the resolution is governed by 
the. number of holes. Naturally, practical 
limitations to the number of holes per 
unit length do exist. 

In order to achieve numerical posi- 
tioning in increments of 0-001 in while 
still maintaining a reasonable degree of 
simplicity, the actual system shown 
schematically in Fig. 2 employs a ‘ two- 








. Fig. 2 Schematic diagram of hydraulic-pneumatic numerical control system 


stage’ hole-seeking controller. The ‘ two- 
stage’ device combines a rotary and a 
linear version of the hole seeking con- 
troller of Fig. 1. 

The linear controller has ten holes 
per inch in the cylinder wall, thereby 
allowing positioning in 0-lin_ incre- 
ments. Information from the inches and 
tenths digits coded on the punched tape 
is supplied to a multi-level binary selec- 
tor valve which then selects the proper 
drain hole. A rotary version of the same 
controlier is used to provide rotary 
motion of the linear piston. The linear 
piston has a helical land so that if the 
piston is rotated, axial motion results in 
order to maintain a ‘ null’ position over 
the drain hole. Information from the 


= 


£ 


Worktable 








123 































































































































































































































































































































































































































































































hundredths and  thousandths digits 
coded on the punched tape operates a 
multi-level binary selector valve which 
defines the position of the rotary hole- 
seeking controller. 

Work-table positioning accuracy 
ideally would depend on the accuracy of 
location of the drain holes in both 
rotary and linear controllers. However, 
this ideal situation assumes that loading 
of the linear controller, should it be used 
to control the work-table position 
directly, has no effect on static accuracy. 
Unfortunately, this is not typically the 
case. To ensure that static accuracy 1s 
maintained, the linear controller is used 
instead as the pilot stage for a conven- 
tional four-way which in 
turn controls the flow of hydraulic fluid 
to the machine-table actuator. When- 
ever the linear controller (or now the 
pilot valve) has not assumed a null posi- 
tion over a particular drain hole, a dif- 
ferential pressure is developed to oper- 
ate the servo-valve. Resulting motion of 
the machine table is sensed by the pilot 
valve, and as soon as the desired work- 
table position is reached, equal pressures 
will exist across the valve. A differential 
area on the pilot valve piston provides 
a net force tending always to hold the 
piston rod against the machine table. 
The system, as shown in Fig. 2, is 
claimed to have a positional accuracy of 

0-0005in and a positional repeata- 
bility within + 0-0003 in 


servo-valve 


Vibrating-wire flowmeter 


For years, conventional flowmeterine 
techniques have utilized the measurement 
of differential pressure (or change in 
head) across an orifice, Venturi, nozzle, 
weir, etc., for the determination of fluid 
flow rate. As is well known, the incom- 
pressible flow through these flowmeters 
is governed by a ‘square law’ 
ship between differential 
flow rate 


relation- 
pressure and 
In many instances, especially 
in control applications, it is highly desir- 
able to have a flowmetering device whose 
output is directly proportional to the 
flow rate. Of the many attempts to pro- 
duce a ‘linear’ flowmeter, one of the 
most interesting devices developed re- 
cently is the vibrating-wire flowmeter (3). 
This device makes use of a unique char- 
acteristic of a vibrating wire; that is, that 
its vibration frequency depends on the 
square root of the tension in the wire. 
The principle of operation of the flow- 
meter can be best understood by refer- 
ring to Fig. 3. A pressure-sensitive dia- 
phragm separates the high- and low-pres- 
sure chambers. A steel wire is suspended 
from an adjustable yoke and connected 
at its lower end to the centre of the 
slack diaphragm. Adjustment of the yoke 
provides an initial (zero flow condition) 
tension in the wire equal to the weight 
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suspended from the underside of the 
diaphragm. The length of wire that is 
free to vibrate is adjusted by means of 
two bridge supports. It can be shown 
that the natural frequency of the wire is 
dependent on the length L, diameter D, 
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Oscillating amplifier 


density per unit length p, 
tension T. Thus 
K , 
f , where K is a constant. 
An increase in the differential pressure 
(6p) across the diaphragm (of area A) 
will increase the tension in the wire, so 
that 


and applied 


7 (Sp)A + W 
Assuming that the flow rate Q through 
the measuring element (orifice, Venturi, 
etc.) is proportional to the square root of 
dp, and assuming that the weight W is 
negligible compared to (ép)A, it can be 
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Downstream connexion 
to differential-pressure 
device 


Fig. 3 Vibrating-wire measuring device 
for differential pressure 


shown that f = nQ, where n is a con- 
stant. An electromagnet, a pick-up coil, 
and an ‘oscillating’ amplifier, are used to 
provide the necessary means of sustaining 
the wire vibration. Fig. 4 shows the elec- 
tronic circuit employed. Once the power 





Clipper section 


Fig. 4 Circuit for vibrating-wire flow- 
meter 


supply is energized, current from the 
plate of the output tube V, energizes the 
electromagnet E which causes the wire 
to deflect. The pick-up coil P senses the 
wire deflexion difid feeds a signal -into 
the grid of the pre-amplifier tube V,. 
Self-sustained oscillations in the ampli- 
fier, and thus continuous vibrations in 
the wire, are made possible by proper 
phasing of the electronic circuit. Con- 
sequently, coupling between the ampli- 
fier input and output is solely through 
the vibrations of the wire, The ‘ clipper’ 
section of the electronic circuit is pro- 
vided to facilitate the measurement of 
the frequency of vibration. (The reader 
is referred to (3) for the operation of the 
clipper section.) A practical flowmeter 
utilizing the vibrating-wire measuring 
device has been developed by the Long 
Beach, California, Water Department for 
use in the Long Beach water treatment 
plant. The device is used with a 42-in 
orifice to indicate the raw-water flow. 


First electronic telephone 
central office 


The. Wwofld’s first electronic . telephone 
central office was opened recently for 
customer trial in Morris, Illinois, by Bell 
Laboratories and Illinois Bell. Originally 
conceived in the late 1930’s at Bell Lab- 
oratories, the. electronic central ,-office 
(E.C.O.) represents the results of one of 
the most massive research and develop- 
ment efforts ever undertaken by a com- 
mercial enterprise. This remarkable new 
system is said to perform electronically 
all the functions of handling telephone 
calls. 

The E.C.O. brings an unusual range of 
services to the 300 Morris subscribers 
who will participate in the first phase of 
the trial. Subscribers will be permitted 
to: dial a two-digit code which auto- 
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matically transfers all subsequent incom- 
ing calls to any other local number; have 
incoming calls transferred to another 
phone when the original phone is busy; 
dial two digits instead of seven for fre- 
quently-called numbers; and use home 
extension phones as intercoms simply by 
dialling a two-digit number. Once the 
trial is under. way, it is expected that 
other services will be introduced which, 
will allow the subscriber to have an im- 
mediate connexion to a busy line as 
soon as it becomes available, and call a 
third person into an existing two-party 
conversation. These new services are 
made possible through the use of a 
switching network consisting of 23,000 
neon-filled tubes, unique new memory 
systems,’and a control system made up 
of thousands of transistors and other 
solid-state devices. . ‘ 

The E.C.O. differs considerably from 
present telephone switching systems. A 
few rows of compact cabinets filled wi.h 
thousands of small plug-in components 
have replaced the former long, high 
racks of equipment filled with noisy re- 
lays. Most important among the differ- 
ences is the use of stored-program con- 
trol, that is, each action to be performed 
is determined by instructions stored,in a 
memory. The entire program of two and 
a quarter million bits is stored on four 
glass photographic plates in what is 
called the ‘ flying spot store’, A cathode- 
ray .tube produces a small light which 
can be positioned to read out 67 different 
items of information from a_ photo- 
graphic plate simultaneously. All the two 
and a quarter million -bits can be read in 
one-ninth of a second. 

Besides the photographic memory, two 
other principal components make up the 
central control. These are the barrier-grid 
store and the central control logic net- 
work. The barriet-grid store serves as a 
temporary or ‘ scratch-pad’* memory for 
arriving information. The central control 
logic is made up of nearly 3000 german- 
ium transistors and 20,000 diodes, and 
has the function of processing and rout- 
ing control orders. In other words, the 
logic circuits interpret the incoming in- 
formation and make the necessary 
decisions. Once decisions are made, 
orders are sent from the central control 
to the switching circuits wherein the 
physical action of connecting one phone 
to another is accomplished. 


Servo-mechanism computa- 
tion by root locus methods 


An analytical approach to the compen- 
sation of servo-systems based on root 
locus techniques is suggested in a paper 
by Ross, Warren, and Thaler (5). For 
the case where a lead/lag compensator is 
used to obtain a specific closed-loop root 
location and the loop gain is fixed owing 
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to steady-state-error considerations, an 
expression is developed that explicitly 
locates the pole and zero of the com- 
pensator. 

The method is extended to include ex- 
plicit selection of compensator poles and 
zeros when cascaded lead/lag networks 
are used. For the situation in which loop 
gain restrictions are not present, but the 
location of the- compensator poles and 
zeros is restricted, it is shown that closed- 
loop roots are also restricted to certain 
regions of the s plane. Conversely, if 


“the location of the closed-loop root is 


specified, the regions in which it lies 
denote a specific form of compensation 
(i.e., lead, lag, or cascaded combinations) 
required to place it there. Rules for the 
delineation of these *‘ root relocation 
zones ’ are developed, and several design 
applications are included for illustration. 
This technique can be a convenient tool 
when the root locus approach is em- 


ployed in the analysis of systems of this 
kind. 


Education in control 
engineering 


The sustained growth of industrial and 
military applications of instrumentation 
and control in the United States has 
created a growing need for you g engin- 
eering graduates having an ~cademic 
background that includes work with 
dynamic systems. In many instances, this 
need is being met with special graduate 
and undergraduate courses in instrumen- 
tation, servo-mechanisms, automatic con- 
trol, and systems analysis. The number 
of schools offering this kind of course 
has been steadily growing, and in most 
instances, graduate research activity has 
been developed in. accompaniment with 
the courses. Very important also to 
control education has been the develop- 
ment of computers and the evolution of 
computing facilities and centres in the 
engineering schools. 

The Foundation for Instrumentation 
Education and Research (F.1.E.R.), a non- 
profit organization dedicated to the pro- 
motion of the instrumentation and con- 
trol field in the United States, has been 
able to arrange an increasing number of 
industry-sponsored graduate fellowships 
for promising young men, with well 
thought out programs for their own 
graduate development. Very recently, 
F.LE:R. has also provided the impetus 
for the establishment of a small spon- 
sored research project in one university. 

Yet a great majority of the education 
and research work in this field comes 
into being in a relatively haphazard way 
in the United States—typical of our free, 
unplanned way of doing things, Inspired 
young men get excited about some new 
ideas. and gravitate to the places which 
seem to provide the most encouragement 


and best environment for them and their 
ideas to develop. The administrators of 
the large engineering schools carry the 
very heavy responsibility of providing this 
encouragement and environment in a 
wide range of new and, as far as the 
schools are concerned, competing fields. 
The amount of top-quality talent is 
always severely limited. We have no cen- 
tral agency for assignment of priorities 
to various fields of endeavour. Sponsored 
research, even by the Government, comes 
into being as the result of ‘ free market ’ 
negotiations of people with multitudes 
of unco-ordinated government agencies 
and industrial firms. 

It sometimes seems like a miracle that 
we have been able to realize the accom- 
plishments that we have in the many 
specialized fields of endeavour that exist 
today. There are many of us, especially 
those who have seen some of the recent 
developments in Russia, who wonder if 
some co-ordination might become neces- 
sary in order to cope with a very com- 
petitive situation that we are already 
beginning to feel in world markets. 

But there is another pressing problem 
in education, and this exists at the under- 
graduate level. The evolution of under- 
graduate engineering curricula, like re- 
search and development, has also taken 
place in a free and easy way. Many 
educators who are active in the instru- 
mentation and control field are particu- 
larly concerned with the fact that the 
young men who come into control sys- 
tem courses have frequently been poorly 
prepared to cope with the dynamic 
nature of the work with physical systems. 
Thus there are now strong pressures to 
bring work with dynamic systems of 
various kinds into the undergraduate 
curriculum at the possible 
moment — probably during the second 
year. Studies are currently under way at 
the Massachusetts Institute of Technology 
to work out a sophomore year course in 
dynamic systems that will be inter- 
disciplinary in nature. It is hoped that 
this can be developed as part of the 
program at M.E.T. to revitalize engineer- 
ing education under a recent grant of 
$9,275,000 from the Ford Foundation. 

Your American Correspondents 
J. L. SHEARER, R. S. SCHER, K. N. REID, JR 


Massachusetts Institute of Technology 
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from the world of control 


Ace ———— 
Blue Streak resuscitated ? 


Commonwealth-European space plans 

The fear that ‘ space’ will become the 
prerogative of the U.S.A. and U.S.S.R. 
in perpetuity—if, in fact, this is not 
already so for all practical purposes— 
looks as if it may bring a reprieve for 
Blue Streak. It will be recalled that 
this ill-fated British i.r.b.m. was offi- 
cially abandoned last spring, although 
whether this meant any great relaxation 
of activity at Spadeadam, Woomera, 
etc., is rather questionable. However, 
the contractors, de Havilland Propel- 





The control engineering contri- 

bution to ballistic vehicles is 

the subject of K. C. Garner's 
article on page 89 


lers, were badly hit and have since 
merged with their associate de Havil- 
land Aircraft—-a member of the 
Hawker Siddeley Group. 

The project was said to have cost 
some £65m, and to have developed a 
fully operational weapon might well 
have meant spending at least £35m 
more, and many consider that this 
is an underestimate. Yet, after having 
spent tremendous sums we were left 
with a nearly complete rocket, plus the 
technical facilities and trained staff, 
and little or nothing else to show for 
our efforts. Meanwhile the Americans 
and Russians continued to vie with 
each other in filling space with satel- 
lites. Both nations will surely put a 
man into space soon: as this is writ- 
ten, the Russians have a 64-ton satel- 
lite in orbit, and the Americans have 
succeeded in firing a chimpanzee-con- 
taining vehicle to a height of 155 miles, 
over a 420-mile range, and recovering 
the animal safely. 

This sad state of affairs seems to 
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have led the Ministry of Aviation— 
probably well-pushed by the commer- 
cial organizations involved—to sound 
out the French, Germans, Italians and 
other nations of Europe about the 
possibility of a joint venture into 
space. The idea is, of course, most 
attractive: it is obviously unpalatable 
to contemplate Europe’s being com- 
pletely cut off from the brave new 
worlds of the future, and the idea of 
a ‘third force’ may not be so un- 
pleasant to European thinking as is 
often suggested. 

Furthermore, Europe has the brains 
and engineering capability to do the 
job and, doubtless most Europeans 
feel, do it rather better, cheaper, etc., 
than the two upstart nations who are 
at present hogging all the limelight in 
space. There is also some hope that 
satellites can be turned to profit, pos- 
sibly in the field of communications. 
However, perhaps the most important 
argument in favour of the project can 
be resolved in the question: can 
Europe afford not to go in for rocket 
technology if its engineering by- 
products are as valuable as many 
think? 

Mr Thorneycroft appears to have 
met with some success in his attempts 
to get the European powers to join 
with Britain and the Commonwealth 
in forming a space ‘ club’. The French 
are definitely interested, and it is likely 
that Blue Streak and their Veronique 
will form the first and second stages, 
respectively, of a three-stage vehicle. It 
has been reported that Britain would 
not have been unwilling to undertake 
the project with France alone as part- 
ner, but that the French demanded 
full European co-operation. 


The Strasbourg meeting 

At the end of January, sixteen nations 
met in Strasbourg to discuss Anglo- 
French proposals for the collective 
development of a satellite-launching 







vehicle. On the face of it, the pro- 
posals were favourably received, 
although the delegates to the confer- 
ence did not—could not—bind them- 
selves to any action, before reporting 
to their respective governments. It is 
understood that a £70m five-year pro- 
gram is contemplated, with Britain 
contributing one-third of the cost. The 
reason for this disproportionate divi- 
sion is that much of the money would 
be spent in this country, producing 
Blue Streaks for some ten major 
launchings. 

The official decisions of the various 
European countries are still awaited, 
but there is little doubt that Blue 
Streak’s chances of survival are 
brighter than a year ago. 


British firms prepare 
British industry is obviously preparing 
for a drive into space, for, as the Stras- 
bourg conference dispersed, a new 
organization, British Space Develop- 
ment Co, was announced. This has 
eight members at present (although 
others are expected to request admis- 
sion), A.E.I., Associated Television 
B.L.C.C., Decca Radar, de Havilland 
(the original contractor for Blue 
Streak), Pye, Rank, and Rolls-Royce. 
On behalf of the new company, Sir 
Robert Renwick remarked: ‘We... 
believe the money in space is more 
than any man ever dreamed of... .” 


—— NUCLEAR ENERGY — 
Plessey's forty-way valve 


The burst fuel-element detection sys- 
tem for the C.E.G.B.’s Trawsfynydd 
nuclear power station, is to incorpor- 
ate a forty-way selector valve devel- 
oped by Plessey Nucleonics. Control 
understands that the unusual features 
of the valve are connected with its 
reliability, and the intention for it to 
operate unattended for periods of two 





Forty-way selector valve of the burst 
slug detection system at Trawsfynydd 
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years. As the valve has a cycling time 
of 30s it will be expected to cycle 
more than two million times during 
the two-year period. The driving mech- 
anism for the valve is grouped in a 
$ub-assembly which incorporates a 
self-sealing arrangement, so that the 
mechanism can be speedily replaced 
while ‘on load’. A ratchet indexing 
mechanism gives accurate location .at 
each index. As ‘ coritained pneumatic 
operation "—rather than an external 
driving shaft—is employed, there is 
no need for rotating shaft seals, and 
the static seals used are claimed to 
ensure that there is no leakage. 


—— DATA PROCESSING — 
The Hirst Research Centre 


The Wembley Research Laboratories 
of G.E.C. have been renamed The 
Hirst Research Centre, and reorgan- 
ized with the aim of securing a closer 
integration of applied research and 
development. Under the Director, 
O. W. Humphreys, the Centre will 
consist of two main research units, the 
Central Research Laboratories under 
V. J. Francis, and the Telecommunica- 
tions and Engineering Research® Lab- 
oratories under R. J. Clayton. 

During a recent visit to the Centre. 
Control was greatly impressed by the 
very wide range of work undertaken 
there, although finding it extremely 
difficult to decide where control en- 
gineering finished and research on 
lamps, communications equipment and 
thermo-electric cooling —to mention 
but a few subjects — began. In the 
event, most of the visit was taken up 
by semiconductors (see ‘ Components ’ 
below) and computers. 


Computing computer design 

Much of the original work on the 
I.C.T. 1301 data-processing system was 
done at G.E.C., Wembley, in collab- 
oration with the jointly-owned G-E.C.- 
L.C.T. company, Computer Develop- 
ments Ltd. In order to prove the 
design, a computer consisting of the 
1301’s electronic circuits,. in’ conjunc- 
tion with simplified input and output 
devices, was constructed, and became 
known as the 1301 Test Bed. Now 
that this prototype 1301 has served its 
original purpose, it is being used to 
study the possibility of designing com- 
puters with the aid of a digital com- 
puter. The idea is not to play with the 
existing circuits of the 1301 Test Bed 
in an attempt to re-design that 
machine, but to actually use the ma- 
chine as a tool with which to compute 
from a given specification, and so 
obtain as output, basic circuitry, 


printed board layouts, wiring instruc- 
tions and overall cost. 
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VACTRIC’S DUST- 
FREE ASSEMBLY 
One of an export 
batch of a.c. motor 
tacho-generators be- 
ing assembled in a 
Plannair dust-free 
cabinet at the new 
assembly factory of 
Vactric (Control 
Equipment) Ltd. 

orking in a°cur- 
rent of filtered air, 
the operator is 
mounting a _ rotor 
assembly into a 

stator 


Control gathered that, at the 
moment, the problem is to prepare a 
machine language capable of defining 
a specification in terms of the func- 
tions a particular machine is required 
to perform. The design team appear 





The Hirst Research Centre’s 130] Test 

Bed computer, a prototype of the 1.C.T. 

1301 machine, is now being used to 

study the possibility of computer design 
with a computer 


to be confident that once this has 
been done, their aim will be in sight. 
It was even suggested that a com- 
puter-controlled machine could be 
used to build a computer. 


Recording radar data 


Equipment for recording the output 
of precision tracking radars has been 
ordered from I.C.T. by the Ministry 
of Aviation. The intention is to record 
a radar target’s azimuth and elevation 
in digital form on punched cards, but 
as the radar data must be examined at 
high: rates, it is first recorded on mag- 
netic tape and then replayed into 
punched-card equipment. 

The radar’s output consists of digi- 
tal measurements of the azimuth, 
elevation and range of the radar beam, 
together with voltage signals represent- 
ing the angular distance of the target 
from the centre of the beam. The 
readings of the position of the beam 
itself, will be recorded in digital form 
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directly on the magnetic tape, while 
the voltage error-signals will first be 
converted to digital form by high- 
speed digital-to-analogue converters 
before being recorded simultaneously 
on the same tape. A separate equip- 
ment will convert the tape to punched 
cards by replaying it at a slower speed 
and, via conversion equipment, into a 
card-punch. The equipment will use 
solid-state techniques and a measure 
of self-checking will be incorporated. 


Other equipment will take the prim- 
ary magnetic tape and replay it into 
an existing real-time computer, so that 
by examining the computer’s output 
an operator will be able, not only to 
get a quick appreciation of the target’s 
course, but will also be able to elim- 
inate those parts of the record that are 
not of immediate interest. 


—— COMPONENTS —— 
Controlled semiconductors 


During Control's recent visit to the 
G.E.C.’s Hirst Research Centre at 
Wembley (see above), the increasing 
impact of semiconductor devices as 
components for control systems was 
most evident. Possibly the device of 
most immediate control engineering 
interest is the silicon controlled recti- 
fier, or s.c.r., and currents of 50 A and 
p.d.s of several hundred volts are no 
longer unusual. The s.c.r. may be 
thought of as a solid-state version of 
the thyratron if it is to be used for 
controlling the speed of an electric 
motor, for example, or may be re- 
garded as an alternative to the power 
transistor for use in inverter circuits. 

The device was discussed in the 
August and September 1960 issues of 
Control in The silicon controlled rec- 
tifier by A. J. Sadler and P. A. Turner. 

A disadvantage of the s.c.r., which it 
has in common with the thyratron, is 
that it can only be switched from the 
low-resistance state to a high resis- 
tance, by interrupting the anode vol- 
tage, or by making it negative. A 
device which could be switched both 
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into, and out of, the low resistance 
(‘on’) condition by applying signals 
to control electrodes would appear to 
have many applications. Work at the 
Hirst Research Centre has now led to 
the development of such a four-layer 
tetrode switch. 

The device is a fast, p-n-p-n layer 
structure with leads connected to all 
the layers. The particular element 
demonstrated is said to be able to 
handle currents of some 50 mA in its 
‘on’ state, with a volt-drop of about 
1-5 V, and the currents required to 
turn it ‘on’ and ‘off’ are about 
2 mA. Switching times of the order of 
0-2 ws are claimed. The device is un- 
derstood to withstand voltages of 
about 45 V and is therefore attractive 
for control circuits in low-voltage in- 
dustrial applications. Its high operat- 
ing speed, coupled with the fact that 
the associated circuit is relatively 
simple, may also make it attractive for 
data handling and computing machines. 


DEVELOPMENT 
N.R.D.C.’s year 


The Naticnal Research Development 
Corporatio1 ’s report and statement of 
accounts for the year ending June 30, 
1960, published recently, impresses 
upon one that the Corporation con- 
tinues to be concerned with ‘ (a) the 
commercial exploitation, mainly by 
licensing, of patent rights for inven- 
tions derived from publicly supported 
research, and (b) the development of 
inventions in the public interest, what- 
ever their source, and their subsequent 
exploitation ’. 


Arch 


The N.R.D.C. has several develop- 
ment projects of interest to the con- 
trol engineer. ‘Automatic process 


RUGBY’S LONGEST FOR RUSSIA This 
61-fe long control board, which. the 
Motor and Control Gear Division of 
A.E.1. recently shipped to Simon Hand- 
ling Engineers (a member of the Rustyfa 
consortium for a Russian tyre factory), 
is the longest ever built at Rugby 
Works. One of fifteen for Russia, the 
board incorporates a 13-ft mimic dia- 
gram and will control motors driving 
plant for the manufacture of rubber pel- 
lets from rubber slabs, and their trans- 
fer to main storage bins. It will also 
control the equipment which transfers 
these pellets from the main bins to 
process bins at each mixing station. 
This board, together with others, will be 
located in a central control room 


plant control’ concerns the develop- 
ment of electronic automatic control 
equipment suitable for plant automa- 
tion and process control. A range of 
standard machines for analogue, and 
mixed analogue-digital, computing 
controls is being developed with the 
idea of assembling thes devices into 
particular systems to suit different 
applications. Elliott Brothers (Lon- 


don) Ltd, who are sharing the costs 
with the N.R.D.C., are responsible for 
this project which has been given the 
code name Arch—Automatic Register 
Controlled * Hierarchy. 


Atlas and Emidec 2400 


The Ferranti Atlas high-speed digital 
computer for scientific or commercial 
work, is progressing satisfactorily. 
Control understands that the pilot 
model Atlas, which has been working 
on test programs at Manchester Uni- 
versity, is being dismantled and will 
be replaced by a production prototype 
during June this year. The prototype 
should be in operation by the end of 
the year. Meanwhile, the pilot model 
will be re-assembled at Ferranti’s 
Manchester works and used for train- 


—_—_— 
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Graduate courses on Information engin- 
eering and Electrical machines: electro- 
mechanical energy conversion and auto- 
matic control will run from 1 October, 
1961 to 30 September, 1962 in The Elec- 
trical Engineering Department, The Uni- 
versity of Birmingham, Edgbaston, Bir- 
mingham, 15. Details: D. A. Bell, 
Supervisor of Graduate Courses. (See also 
* Courses in control’ page 133). 


Plastics for electronics industry: Micro- 
cell Electronics Division now distribute 
the plastics materials developed by Emer- 
son & Cuming, Inc., U.S.A. 


Three L.C.T. computers to a total value 
of £200,000 have been ordered by South 
African Railways, in addition to the 
1.C.T. 1202 already doing payroll work 
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in Johannesburg. Two 1202's are to do 
similar work in Port Elizabeth and East 
London, and a 1201 is to perform vari- 
ous tasks including an analysis of goods 
carried, a ticket audit and pensions 
work. 


Symposium on the applications of ana- 
logue computers will be held on 10 and 
11 April, 1961 in the Department of 
Electrical Engineering, College of Tech- 
nology, Loughborough, Leicestershire. 
Details: D. Longley. 


Automated rolling mill now in operaticn 
at the Ilyich Iron and Steel Plant, 
Zhdanov, Ukraine, U.S.S.R., said to be 
the biggest of its type in Europe, is con- 
trolled by ‘a self-adjusting system con- 
trolled by electronic computers ’. 


ing purposes and preparing programs 
for the production Atlas. 

The first models of E.M.I.’s Emidec 
2400 commercial data-processing sys- 
stem should be delivered this year. 
The program for further development 
of this machine has been modified to 
allow for work on a new fast store 
and research on magnetic tape equip- 
ment. N.R.D.C., having supported re- 
search on thin magnetic films, is hope- 
ful that the new store will employ this 
technique. 

Among other work of interest is 
that on automatic paper chromato- 
graphy, automatic cotton-spinning, 
and the ultrasonic flowmeter of the 
British Scientific Instrument Research 
Association. 


STANDARDS 


Process control terms 


The British Standard concerned with 
process control terminology has been 
revised and a_ new standard, B'S. 
1523 : Glossary of terms used in auto- 
matic control and regulating systems, 
Section 2: Process control, 1960, pub- 
lished. Though similar in scope .and 
arrangement to the now obsolete 1949 
version, many of the terms have been 
re-defined, and the system of sub- 
sections has been altered. In most 
cases the ‘ preferred’ terms only are 
given, as the B.S.I. considers that the 
‘non-standard’ terms are rapidly fall- 
ing into disuse. The diagrammatic sec- 
tion has been expanded to include, 
inter alia, figures illustrating normal- 
ized attentuation and subsidence ratio. 


—_———: WATER 
Monitoring turbidity 


The trend towards the use of labora- 
tory instruments under industrial con- 
ditions is increasing, and a particular 
example where such ‘ delicate’ equip- 
ment is being used successfully for 
continuous measurement in the field, 
is at the Mythe Waterworks, Tewkes- 


CONTROL February 1961 





The AMPEX CP-100 is a compact, extended-frequency 
instrumentation tape recorder/reproducer. Tape transport, motor drive 
amplifier, heads, power converter, controls and all-transistorized plug-in 
record/reproduce electronics are contained in a single 13%” x 19” x 33%” 
mobile case. The CP-100 operates on 28-volt DC, with 48 to 400 
cycle converters available for other power sources. Data is recorded by 
direct or FM carrier techniques on up to 14 analogue tracks. The 
CP-100 offers frequency response to 200 Kc at 60 ips or expanded 
recording time of 24 minutes for 100 Kc data at 30 ips on a 
standard 10%” reel. Transport tape speeds — 1%, 3%4, 742, 15, 30 and 
60 ips — and plug in frequency determining units and equalizers associated 
with tape speeds, may be quickly changed. The versatile and mobile 
CP-100 performs reliably over a temperature range of from —50°F to 
+160°F, up to an altitude of 10,000 feet, in relative humidities to 95%... 
and is designed to withstand shocks and vibrations encountered in rugged 
mobile testing applications. This recorder may also be rack mounted 
if desired. For complete details write Ampex Great Britain Limited, 
Arkwright Road, Reading, Berkshire, England. 
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Southern Analytical’s Sigrist photometer 
in use at Mythe Waterworks 


bury. There a Sigrist photometer of 
Southern Analytical, has been used for 
some time to measure water turbidity 
continuously in order that the process 
may be controlled, and the perfor- 
mance of the treatment plant studied. 
Difficulties connected with the instabil- 
ity of the light source and photocell, 
the effects of colour, and window- 
fouling and misting, have precluded 
the general use of photometers in the 
past. In the Sigrist instrument, how- 
ever, it is claimed that these difficulties 
have been overcome. 

The photometer compares the flow- 
ing water sample with an optical stan- 
dard of turbidity, continuously, and 
does this in such a way that any vari- 
ation within the instrument itself is 
compensated for. 


SYSTEMS 


Control system analysis 


The Wayne-Kerr organization, known 
principally as makers of portable elec- 
tronic measuring equipment, are now 
extending their field to include the 


analysis of control systems. Their 
transfer function computer, originally 
announced some time ago, is claimed 
to represent a new and economical 
approach to the problems of transfer 
function work. The computer offers an 
alternative to conventional frequency- 
response analysis, giving the co- 
efficients of the transfer function 
directly. More recent work in the 
Wayne-Kerr Laboratories is concerned 
with other unconventional equipment. 
Of particular interest is the * predic- 
tor’, which is claimed to predict accu- 
rately a future value of a random in- 
put. The time for which prediction 
can be made is limited to approxi- 
mately one-third of the period of the 
maximum response frequency of the 
equipment under test. The predictor 
was demonstrated at the ‘ Phys. Soc.’ 
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exhibition, and a fuller account of it 
will be found in our review of the 
exhibition on page 85 of this issue. It 
is thought that equipment working on 
the principles of this device may have 
process control applications. 


— EDUCATION 
Farewell to night school ? 


‘At whatever age a student who is 
going on to a technical college finishes 
his secondary education he should go 
direct into a technical college course. 
The needs of such students cannot be 
adequately met by the evening insti- 
tute. This is no criticism of the even- 
ing institutes themselves . . . .. So we 
read on opening the White Paper on 
technical education (Better opportuni- 
ties in technical education, H.M.S O.) 
at random. There is no doubt that 
working in a dull green-and-cream- 
coloured classroom (when one’s con- 
temporaries are studying the humani- 
ties in the local Palais de Danse) is 
good for the budding engineer’s spirit. 
but it is damnably hard work and can 
be soul-destroying, and the suggestion 
that night schooling should be dis- 
carded is therefore welcome. 

The White Paper does, however, 


Beama—tThe British Electrical & Allied 
Manufacturers’ Association—is to put 
member-firms in touch with makers of 
complementary equipment with a view to 
a joint sales effort, joint market research, 
and collective exhibitions overseas. 


Expert Industrial Controls Ltd, Lount 
Works, Ashby-de-la-Zouch, _Leicester- 
shire has been formed by amalgamating 
Sharp Control Gear Ltd and Electran 
Coil Co. Ltd. 


Process optimization will be the subject 
of a one-day symposium to be held as 
part of the Third Congress of the Euro- 
pean Federation of Chemical Engineer- 
ing, 20-26 June, 1962. Papers on such 
subjects as The significance of control 
in process optimization, Progress in the 
control of heat transfer equipment and 
distillation columns, and The computer- 





make a number of other proposals. It 
suggests that more care should be 
taken in the selection of students for 
courses, and that there should be ex- 
periment with full-time induction 
courses and tutorial methods. National 
Certificate and Diploma courses for 
students aiming to become at least 
high-grade ‘technicians’ are called 
for, as are technician courses devised 
for particular industries, ‘craft~ 
courses and courses for ‘ operatives” ; 
O.N.C. courses should last two instead 


of three years, and the standards of 
entry raised; new general courses, 
leading to either technician courses or 
O.N.C. and Diploma courses, are pro- 
posed ; craft courses should be modi- 
fied and courses for operatives vigor- 
ously developed ; more time should be 
provided under day-release schemes— 
‘No student should have to rely 
wholly on evening study’, and sand- 
wich courses and block release courses 
should be increasingly developed. 


—_—— TRANSPORT 
Counting bus passengers 


The efficient operation of modern pas- 
senger transport systems relies to a 
large extent on the proper planning 
of running schedules, and this is de- 
pendent upon accurate information of 
passenger traffic conditions. 

In 1957 Mr N. Tuft, General Mana- 
ger of the West Yorkshire Road Car 
Co., in collaboration with the Elec- 
trical Measurement Division of Elliott 
Brothers (London) Ltd, developed an 
electrical method of analysing and 
correlating the actual operational data. 
In this ‘loadmeter’ system a micro- 
switch is located under each seat. 
When a seat is occupied by a weight 
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controlled plant are invited. Details to 
The General Secretary, The Institution 
of Chemical Engineers, 16 Belgrave 
Square, London, S.W.1, before 30 April, 
1961. 


Texas-L.T.&T. agreement: Texas Instru- 
ments Inc. and International Telephone 
& Telegraph Corp. are to ‘ exchange non- 
exclusive patent licences and technical 
information concerning semiconductor 
components. Texas Instruments will also 
supply a portion of I.T.&T.’s needs for 
semiconductor devices and components.’ 


Infra-red analyser by Mine Safety Appli- 
ances, Glasgow, detects any carbon mon- 
oxide leakage within a cold room where 
engines are tested at temperatures down 
to —100°F, at the Ford Motor Co. 
Dagenham. A second instrument has been 
ordered for Ford, Birmingham. 


of twenty-eight pounds or more, the 
switch closes, causing one milliamp 
to flow in a circuit of a chart record- 
ing instrument. The latter is calibrated 
to indicate full-load condition for full 
scale deflexion, i.e. one milliamp per 
seat in a 75-seater vehicle gives 75 mA 
full scale deflexion of the instrument, 
and increments of one passenger can 
be readily detected. The loadmeter 
thus provides a continuous written 
record of the number of seats occu- 
pied, and also running times of the 
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engine of the bus and peak load con- 
ditions against a time scale. 

Control understands that in rec-nt 
months the system has been sticcess- 
fully used by the Maidstone & District 
Motor Services, in an investigation of 
a complex traffic reorganization pro- 


gram. Furthermore, the London 
Transport Executive (Country) and 
the East Kent Road Car Co. are also 
investigating the possibility of adopt- 
ing the loadmeter system. 


PETROLEUM —-— 
Automated oil field 


The ‘world’s first fully mechanized 
and automated oil field’ is being con- 
structed in the Tatar Republic, 
U.S.S.R., aceording to Soviet News. 
The field is near Leninogorsk in the 


Dip. Tech. (Henlow): technical cadets 
taking the course of the R.A.F. Tech- 
nical College, Henlow, are now eligible 
for the Diploma in ‘Technology. 


Ampex Videotape recorders are now 
handled by Ampex Great Britain Ltd, 
and no longer by Rank-Cintel, This fol- 
lows from the establishment of an Ampex 
subsidiary in England. 


Reactor simulator: the U.K.A.E.A. have 
ordered a 200-amplifier analogue com- 
puter from Short’s Precision Eng’neering 
Division. Intended to simulate. the be- 
haviour of a complete nuclear power 
station, it will be installed at the Calder 
Operations School. 





Space electronics group being formed by 
Decca Radar, will be situated in new 
laboratories at Somerton Airport, Cowes, 
Isle of Wight. 


Engine condition analysers by Ulira 
Electronics have been ordered by 
B.O.A.C. for use on their Comet IV 
aircraft. 


High-pressure hydraulic equipment (up to 
7100 Ibf/in? maximum pressure) compris- 
ing fixed-capacity piston pumps, direc- 
tional valves and control valves, is now 
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Volga valley, and water will be injec- 
ted into the seams, so keeping ‘ hun- 
dreds of oil wells gushing for many 
years ’. Automatic control devices will 
be installed at group collecting centres 
to which oil and gas will be delivered 
through a single pipe. It is suggested 
that the field will have a staff of about 
100 persons only. 


720-mile Indian pipeline 

A £33m crude-oil pipeline is being 
laid 720 miles across north-east India 
by Mannesmann of Diisseldorf and 
Saipem of the Italian E.N.I. group, 
under the supervision of The Burmah 
Oil Co. (Pipe Lines) Ltd. Said to form 
one of the most technically advanced 
crude-oil transportation systems of its 
size in the world, the line will be 
equipped with an extensive radio com- 
munications network and push-button 







available in the Keelavite/Gury range 
from Keelavite Hydraulics. Marketing 
rights in the U.K. and Commonwealth 
for Hydro-Titan hydraulic axial piston 
units have also been obtained by 
Keelavite. 


Univac for Japan: a $2m Univac II 
computer is being shipped from New 
York: to the Tokyo Electric Power Co. 
Data will be fed from some thirty sub- 
stations in the Tokyo area to the com- 
puter in order to determine power re- 
quirements and peak loads. 


National-Elliott 803 computer installed in 
the Central Research Institute of Complex 
Automation, Moscow, has been operat- 
ing on a two-shift basis since it was 
handed over on August 22, 1960. 


Postal mechanization: ‘automatic mail, 
segregating, grading and facing equip- 
ment’, similar fo that ordered by the 
British P.O., has been ordered by the 
Canadian Post Office from _ Elliott 
Brothers (London) Ltd. 


Stroboscopes in the ‘ Strobolyser’ range 
of Watford Instruments are now pro- 
duced, sold and serviced by Furzehill 
Laboratories. 
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PANEL FOR PETROBRAS One of 39 
sections of five instrumented graphic 
panels—225:5 ft in total length—which 
Minneapolis-Honeywell Regulator are 
assembling for the eight-unit Duque de 
Caxias refinery of Petroleo Brasileiro. 
The main contractors are  Foster- 
Wheeler. The Honeywell instrumenta- 
tion includes miniature pneumatic indi- 
cating, recording and controlling devices, 
and electronic potentiometers and pres- 
sure gauges, as well as thermometers, 
flowmeters, differential converters, trans- 
mitters and so forth, external to the 
control centres. The panel for the cata- 
lytic cracker alone contains 92 instru- 
ments 








controls for the remote operation of 
pumping stations and telemetering 
services. 


——— QUALITY — 
Danish society formed 


Dansk Forening for Industriel K-vali- 
tetskontrol—Danish Society for Qual- 
ity Control — has been set up, the 
Society’s Secretary, K. Haltou-Nielsen, 
informs Control. The object of the 
Society is to increase the competitive- 
ness of Danish industry by dis- 
seminating information on quality 
control, exchanging information be- 
tween members and informing them 
of developments outside Denmark. 
The Society has joined the European 
Organization for Quality Control 
(E.0.Q.C.), whose British correspon- 
dent is, of course, the British Produc- 
tivity Council. 


—___——— EDUCATION 
Courses in control 


Various technical courses on control 
engineering start in the near future. 
These include: Simple code for the 
Stantec-Zebra computer, at Woolwich 
Polytechnic, six weekly lectures from 
22 or 23 February, to 12 or 13 April; 
Automatic control and servo-mechan- 
isms, Constantine Technical College, 
Middlesbrough, ten weekly lectures 
from 2 March; Control engineering, 
Nottingham and District Technical 
College, one week during April and 
May; Electrical control systems, 
Kingston-upon-Hull College of Tech- 
nology, six weekly meetings from 17 
May; Servo-mechanisms and auto- 
matic controls, Sheffield University, 18 
April to 19 May; Analogue comput- 
ing methods for engineers, Sheffield 
University, 13-16 June; Numerical 
analysis and computer programming, 
Liverpool University, 5-15 April; The 
electronic digital computer: its appli- 
cation to control problems in industry 
and commerce, Norwood Technical 
College, six weekly lectures from 14 
February. 
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ANALOGUE COMPUTER 


mechanical operation 


A computer by Elliott receives two 
direct-voltage inputs, and uses a feed- 
back servo-system to operate potentio- 
meters and so provide an output of two 
direct-voltages after the required calcula- 
tion has been done mechanically. Overall 
accuracy is in the order of 1%. Although 


High overall accuracy 


this computer uses electrical inputs, the 
system is readily adaptable to accept 
direct mechanical (rotational) inputs 
from servo-systems. 

Circle No 485 on reply card 


MEASURING UNIT 


time and frequency 


A digital time- and frequency-measuring 
unit by Venner Electronics will measure 
frequency up to 1-1 Mc/s and period: 
it will also measure simple counting and 
time intervals in 1-u#s or larger units, The 
crystal oscillator is oven-controlled, and 
its output and the outputs of the decade 
divider-chain are available externally for 
use as clock pulses. 

The T.S.A. 3336 uses transistor plug-in 
circuit modules, and can be supplied 
with outputs suitable for operating a 
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printer or perforator. It may be operated 
from 100- to 125-V 50-c/s supplies, or 
from 12V d.c. 

Circle No 486 on reply card 


D.C. TACHOGENERATOR 


low inertia 


A size-11 tachogenerator is intended for 
use where high linearity of output vollt- 
age with respect to speed is required. 
The output is 3 V/(1000 rev/min), with 
a maximum speed of 4000 rev/min, and 
linearity is given as 025%. Minimum 
load resistance is 50002, and maximum 
ripple is 10%. 

Running torque is kept low by the use 
of wire brushes, and the inertia is 2 g cm’, 
Made by Vactric (Control Equipment) 
Ltd, this unit conforms to International 
Frame-size standards, and its overall 
length is just under 23 in. 

Circle No 487 on reply card 


D.C. MOTORS 


chronometrically governed 


A series of constant-speed motors are 
available from A. W. Haydon (U.S.A.). 
The 1-5-V model is claimed to work for 
more than two years from a standard 
flashlight-battery, the constant speed of 
150 rev/min being maintained by a 
governor with a patented balance-wheel- 
hairspring mechanism. The accuracy is 
given as + 10s in 24h, with an input 
voltage varying from 0-9 to 1-8 V, The 
motor weighs 3 ozf, and measures 13 X 
24 X 4in; windings can be supplied for 
operation from 0-5 to 12 V d.c. 

Circle No 488 on reply card 


COUNTING EQUIPMENT 


complete modular range 


An equipment by Ericsson, based on the 
A.E.R.E, 2000, comprises a comprehen- 
sive range of standard-size units for 
nucleonic counting applications. These 
plug into shelf units each of which will 
accommodate five single-width modules. 

The range includes a fast pre-scaling 
unit, a slow scaling unit, a discriminator, 
a 3-Mc/s amplifier, a quench unit giving 
6 switch-selected paralysis times (100- 
600 us), a timing unit, an e.h.t, unit, a 
scintillation head, coincidence and anti- 
coincidence units, linear and logarithmic 
ratemeters, a potentiometer unit, a 
single-channel pulse-analyser, a read-out 
unit, a G.-M. probe, and power supply 


Self-contained 


units, Thermal delays fitted in the shelf 
units allow the thermionic tubes to 
reach operating temperature before the 
e.h.t. is applied. 

Circle No 489 on reply card 


SPECTRO-PHOTOMETER 


u.-v. and visible spectra 


Now being produced by Perkin-Elmer is 
the 137UV spectro-photometer. Typical 
resolution is 0-2 mym at 250 mum, with 
a noise level of less than 4%. Scanning 
time is normally 2 min in each region, 
but a slower time of 8 min is provided 
for scanning very sharp absorption 
bands. The record is linear with respect 
to both frequency and wave-length, and 
an automatic gain-control holds the pen- 
response steady despite large energy 
fluctuations. 

Circle No 490 on reply card 


HARMONIC ANALYSER 


portable unit 


A harmonic analyser by the Telephone 
Manufacturing Company is designed t: 
measure the magnitude and frequency o 
harmonic interference from electric trac 
tion and power distribution systems int: 
nearby telecommunication systems. 

The instrument comprises an inpu 
attenuator-panel, an oscillator and cali 
brator panel, and 12 plug-in selectiy 
measuring-units each accepting one od 
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Harmonic interference detector 


harmonic between 50 and 1500 c/s. Direct 
filtering removes all but the relevant fre- 
quency. The output from each of the 12 
measuring units is displayed on a meter 
covering 0-100 mV, the meters providing 
a simultaneous display of the fundamen- 
tal and each of the odd-harmonic vol- 
tages. Indication accuracy is about + 1%. 

Circle No 491 on reply card 


FUNCTION GENERATOR ; 


very low frequency 


Now commercially available, Advance 
Components’ S.G.88 function-generator 
uses a mechano-optical system to gen- 
erate waves of any form provided that 
they are derived from single-valued, 
repetitive functions. The conventional 
oscillator is replaced by disks, printed 
with an opaque pattern representing the 
polar co-ordinates of the desired wave- 
shape, which are scanned by a narrow 
light beam. (A note on this may be 
found in Ideas Applied, page 103, Con- 
trol, January 1960.) \ 

The output frequency is  steplessly 
variable from 0-005 to 50c/s, calibra- 
tion accuracy being + 1%. Output volt- 
age is from 200 xV to 22 V peak-to-peak, 
high impedance; amplitude varies by 
not more than 1 dB over the entire range. 
The unit will operate from any normal 
0- to 60-c/s mains supply. 

Circle No 492 on reply card 


QUICK LOOKS 


Trace interrupter. This unit is ava‘lable 
from Bryans Aeroquipment for use in 
conjunction with their X-Y co-ordinate 
plotting table. It produces three trace 
patterns: a series of short dashes with a 
low mark/space ratio; a series of long 
dashes with a high mark/space ratio; a 
series of alternating long and _ short 
dashes. A frequency control permits the 
marking rate to be adjusted to suit any 
given pen speed. 

Circle No 493 on reply card 


Automatic lighting-control. A unit 
(D.S.20B) available from Britec will con- 
trol the switching of up to 6A at 200V 
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a.c. (resistive load) according to ambient 
illumination, A  delayed-action device 
prevents switch-on by brief fluctuations 
of ambient illumination caused by such 
events as lightning. The control level is 
simply adjusted by an internal poten- 
tiometer. 

Circle No 494 on reply card 


Oscilloscope. The calibrated sweep-range 
of a dual-beam oscilliscope by Dumont 
(U.S.A.) extends from 1 s/cm to 1 #s/cm 
in nineteen steps. Sweep may be ex- 
panded without distortion up to five 
times full scale, and any 10-cm portion 
of the sweep can be positioned on the 
screen. Available in the U.K. from 
Aveley Electric: 

Circle No 495 on reply card 


Magnetic susceptibility meter. A unit by 
Electronic Instruments Ltd measures the 
magnetic susceptibility of para- and dia- 
magnetic materials, and also may be 
used for testing samples for ferro-mag- 
netic impurities. It is based on a mag- 
netic bridge-circuit which is unbalanced 
by the insertion of the sample; the. un- 
balance is detected by a Hall-effect de- 
tector in the central limb. 

Circle No 496 on reply card 


Level indicator. Intended primarily for 
use in cooling-water header-tanks on 
Diesel locomotives, the R. & G. 1810 
switch gives continuous indication of 





water-level and closes an alarm contact 
at low level. The mercury switch has a 
rating of 6A at 110 V dc., and the tube 
snaps through 90° at operating level 
thus obviating intermittent contact. 
Manufactured by Bayham. 

Circle No 497 on reply card 


Stepper motors. A thin, ultra-quiet step- 
per-motor by Haydon (U.S.A.) may be 
operated at up to 2400 steps/min. Rated 
at 27V d.c., this unit has a rotor step- 
angle of 30°/cycle, and positive magne- 
tic detenting occurs at each of the 12 
angular positions whether or not the 
coils are energized. 

Circle No 498 on reply card 


Precision potentiometers. A series of 
low-torque -petentiometers intended for 
servo applications is available from 
Ancillary Developments. Graded ball- 
races and precious-metal contacts are 
used to give a low inertia, and a start- 
ing-torque of 0-5 gf cm. Linearity is given 
as 0-1%. 

Circle No 499 on reply card 


Vacuum switch. B. and R. Relays’ switch 
type 183 is capable of switching loads 
up to 2kW at voltages ranging up to 
3kV. It is operable by their relays C.12 


'New for Control] 








(d.c.) and C.62 (a.c.). In the above illus- 
tration it is mounted on a relay and 
housed in a plastics cover; as such it is 
designated type 85. 

Circle No 500 on reply card 


Silicon rectifiers. Rated at a peak-in- 
verse voltage of 1500 V, International 
Rectifiers’ 1N1130 and 1N1131 operate 
at 300 mA. Reverse leakage is as low as 
100 #A at 75°C, and these stud-mounted 
units will operate at temperatures up to 
150°C, Circle No 501 on reply card 


Sound spectrometer, A portable instru- 
ment by Advance Components will mea- 
sure sound in the frequency range 20 
12,000 c/s, and analyse it in octave bands 
with built-in filters. A crystal micro- 
phone is provided, but the amplifier will! 
accept inputs from vibration pick-ups 
and similar devices in the range 3 4V 
to 8 V; input impedance is 10 MQ. 
Circle No 502 on reply card 


Radio-activity monitor. A unit by S:one- 
bridge Electrical measures the radio- 
active contamination present on the 
hands. The hands are placed on two 
windows in the cover, which are pro- 
tected by a sheet of paper. Each of the 





two windows has 3 counter-tubes, mak- 
ing a total of 6 which are normally con- 
nected in parallel, but which may be 
switched for individual background-test- 
ing. Circle No 503 on reply card 


R.M.S. voltmeter. Ballantine Labora- 
tories’ (U.S.A.) model-350 meter mea- 
sures voltages of 0-1 to 1199-9 V, which 
are displayed on a 5-digit indicator. The 
frequency of the input may be from 
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50 c/s to 20 kc/s, with harmonic content 
to 50 kc/s. Sine and square waves may be 
measured accurately provided that the 
ratio of peak to r.m.s. is not greater 
than 2: 1. Available via Sylvan Ginsbury. 

Circle No 504 on reply card 


Inductance and capacitance meter, With 
minimum full-scale range of 0-3 #H and 
0-3 pF, the Solartron MM906 covers 
0-300 uxH and 0-300pF in five ranges. 
Accuracy is * 3%, maintained with re- 
sistive loads of 20kQ2 shunt, 102 series, 
for inductance measurement, and 0-1 M2 
shunt for capacitance measurement. 
Circle No 505 on reply card 


Photo-electric switches, Made by Cannon 
Electronics, the T.U.13 combined photo- 
head and light-source uses a photo-tran- 
sistor, and is constructed to withstand 
rough treatment and vibration. It senses 
light/dark variations, and may be used 
in conjunction with batch or decade 
counters 

Circle No 5C$ on reply card 


Sealed switch. Dowty’s Microseal switch 
will operate at altitudes up to 60,000 ft 


in ambient temperatures between — 75 
and + 75°C. The action is double-pole. 
double-throw, and the switch is water- 
proof. Weight is seven ounces. 

Circle No 507 on reply card 


Portable oscilloscope. The Solartron 
CD1014.2 has two identical Y-axis ampli- 
fiers operable at d.c. to 5 Mc/s, and with 
a sensitivity range from 100mV/cm to 
50 V/cm with measuring accuracy of 
«5%. Time-base range is 1cm/us to 
Icm/s with + 5% measuring accuracy. 
The instrument weighs 22 lbf, and will 
operate from 45- to 66-c/s mains supplies 
at 90-130 V and 200-240 V. 

Circle No 508 on reply card 


Gearhead. A size-10 ball-bearing gear- 
head by Vactric has standard ratios from 
10:1 to 1000: 1, and a maximum static 


torque of 24 Ibf in. 
light-duty servo work. 
Circle No 509 on reply card 


It is intended for 


Stepping relay, Thorn Electrical Indus- 
tries are producing a 3-in-] rotary step- 
ping-relay which consists of a standard 
relay, a ratchet-driven rotary switch, and 
a ratchet-driven stepping-relay with two 
cams which open or close double-contact 
springs in accordance with the cam pat- 
tern. Contacts of the rotary switch-bank 
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will carry 0-5 A, steady state, or will 
interrupt 0-1A at SOV d.c. with a re- 
sistive load. 

Circle No 510 on reply card 


Rechargeable battery. A unit 4} in long 
by lin diameter may be recharged 
simply by plugging it into an a.c.-mains 
supply of 110-240 V. Voltages available 
are 2:5, 3-5, 5-0, and 60V. Made by 
Chilton Electronic Products. 

Circle No 511 on reply card 


Low-activity sample monitor. The SM1, 
made by E.M.I., measures the radio- 
activity of low-energy samples. A two- 
range linear ratemeter facilitates read- 
ing, and an electromechanical register 
is also provided. 

Circle No 512 on reply card 


System error bridge. Available from 
Sylvan Ginsbury is a bridge by Theta 
Instruments (U.S.A.) for testing flight- 
control systems; it may be used to re- 
place transducers such as the vertical 
gyro and magnetic compass. Angular 
inputs accurate to 20’ may be dialled 
into the auto-pilot; the resolution is 4’. 

Circle No 513 on reply card 


Pivoted disk valve, The Winn Flexiseat 
valve is claimed to give ‘ spot-tight’ 
closure by the use of a ring of flexible 
material (moulded round a metallic core) 


which is located in an annular groove 
in the valve body. Shortly to be avail- 
able, the initial range will be in sizes 
from 3 to 6in, for water, gas, air or 
oil at pressures up to 150 Ibf/in?. 

Circle No 514 on reply card 


INDUSTRIAL 
PUBLICATIONS 


X-ray analyser. Cambridge Instrument’s 
Microscan is described in an illustrated 
publication, list 177/2. 

Circle No 515 on reply card 


Platinum metals: a booklet from Engel- 
hard Industries lists some of the indus- 
trial uses of platinum metals. 

Circle No 516 on reply card 


Tape reader. Creed’s model-92 tape- 
reader is described in their publication 
135-001-1E. 

Circle No 517 on reply card 


‘A complete service in industrial heat 
engineering’ is the title of an illustrated 
booklet from The Incandescent Heat Co. 

Circle No 518 on reply card 
Fixed-capacity piston pumps are the sub- 
ject of a leaflet from Keelavite Hydrau- 
lics. 

Circle No 519 on reply card 


Split-field d.c. motors, sizes 11 and 15, 
are described in data sheets V.P. 4442 
and V.P. 4443 respectively from Vactric 
(Control Equipment) Ltd. 

Circle No 520 on reply card 
Semiconductors. Abridged technical data 
on Ediswan Mazda semiconductors is 
given in a recent A.E.I. catalogue. 

Circle No 521 on reply card 


Valves for nuclear applications by Blake- 
borough are the subject of their publica- 
tion No 252. 

Circle No 522 on reply card 


Miniature oxide resistors by Welwyn are 
described in an illustrated brochure. 
Circle No 523 on reply card 


Nickel alloys and their uses are featured 
in a publication from Henry Wiggin. 
Circle No 524 on reply card 


Shiding-head automatic lathes for pro- 
ducing long slender workpieces are the 


subject of a catalogue from Dowding 
and Doll. , 


Circle No 525 on reply card 


Mechanical handling equipment by A. 
and C, Jenner is described in their illus- 
trated brochure. 


Circle No 526 on reply card 


Instruments and controls by Servomex 
are illustrated in their abbreviated cata- 
logue. 


Circle No 527 on reply card 


Compagnie générale de télégraphie sans 
fil. An illustrated book (in French) de- 
tails the activities of the C.S.F. from 
1910 to the present day. 

Circle No 528 on reply card 
* Electrical contacts’ is the title of a new 


version of Johnson, Matthey’s publica- 
tion 1302. 


Circle No 529 on reply card 
Components, including potentiometers, 


are shown in a catalogue from Ancillary 
Developments. 


Circle No 530 on reply card 
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LOOKING 
AHEAD 





Unless otherwise indicated, all events take 
place in London. B.C.A.C. British Confer- 
ence on Automation and Computation. 
B.C.S. British Computer Society. BritJd.R.E. 
British Institution of Radio Engineers. 1.C.E, 
Institution of Civil Engineers. 1.Chem.E. 
Institution of Chemical Engineers. 1.E.E. 
Institution of Electrical Engineers. 1.Mech.E. 
Institution of Mechanical Engineers. 
1.Prod.E. Institution of Production Engin- 
eers. 1.S.A. Instrument Society of America. 
R.Ae.S. Royal Aeronautical Society. 
S.B.A.C. Society of British Aircraft Con- 
structors. S1.T. Society of Instrument 
Technology. 


FRIDAY 10 FEBRUARY 1961 

The detection of radiation by G. Ballard. 
7 p.m. Pepys House, 14 Rochester Row, 
Westminster; S.W.1. Junior Institution of 
Engineers. 


Process control by R. M. J. Withers. 7 p.m. 
Gosta Green College of Technology, Bir- 
mingham. S.1.T. " 


MONDAY 13 FEBRUARY 1961 

Punched card operation in passenger -trans- 
port world by D. Eyres. 7.30 p.m. Livesey 
Clegg House, 44 Union Street, Sheffield, 1. 
Junior Institution of Engineers. 


WEDNESDAY 15 FEBRUARY 1961 

High speed digital applications of transistors 
by M. L. N. Forrest, 7 p.m. at Bristol Col- 
lege of Science and Technology. Brit.ILR.E. 


Hinchley Memorial Lecture: Science and 
technology and the developing countries, by 
- M. S. Blackett. 5.30 p.m. I.Chem.E. 


Inertial navigational systems ’ by E. W. 
Anderson. 7 p.m. at Adelphi Hotel, Liver- 
pool. Brit.I.R.E. 


WEDNESDAY 15—FRIDAY 17 FEBRUARY 1961 
1961 International Solid-state Circuits Con- 
ference. University of Pennsylvania and the 
Sheraton Hotel, Philadelphia, Pa., U.S.A. 


THURSDAY 16 FEBRUARY 1961 
Transistors and all that by L. J. Davies. 
Central Hall, Westminster. I.E.E. 


Instrumentation at the British Sugar Cor- 
poration by R. M. J. Withers. 7.15 p.m. The 
University, Leicester. S.1.T. 


FRIDAY 17—TUESDAY 21 FEBRUARY 1961 
24th International Components Show, Parc 
des Expositions, Paris, France. 


4th International Exhibition of Electronic 
Components. Details: F.N.I.E., 25 Rue de 
Lubeck, Paris 16, France. 


MONDAY 20—SATURDAY 25 FEBRUARY 1961 
International Convention on Semi-conductor 
Devices. Details: Société Francaise des Elec- 
troniciens et des Radioélectriciens, 10 Avenue 
Pierre-Larousse, Malakoff (Seine) France. 


WEDNESDAY 22 FEBRUARY 1961 

New steel-making processes. and their control 
problems by P. A. Young. 7.30 p.m. Cleve- 
land Scientific and Technical Institute, Cor- 
poration Rd, Middlesbrough. S.I.T. 


FRIDAY 24 FEBRUARY 1961 

Computers and structural design—the present 
position and future trends by R. E. Rowe. 
6.30 p.m. College of Advanced Technology, 
Gosta Green, Birmingham. Institution of 


Structural Engineers, 11 Upper Belgrave St, 
London, S.W.1. 


MONDAY 27 FEBRUARY 1961 

Numerical analogue control of machine tools 
by O. S. Puckle. St James’s Restaurant, 
Derby. 7 p.m. I.Prod.E. 


TUESDAY 28 FEBRUARY 1961 
Three terminal bridge measurements and 
automation by V. S. Griffiths. 7 p.m. S.1.T. 
FRIDAY 3 MARCH 1961 

Helicopter approach aids by H. W. Mitchell 
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and S. G. Lennox. 7 p.m. R.Ae.S., 4 Hamil- 
ton Place, W.1. 


TUESDAY 7 MARCH 1961 
Guided weapon control Pas by John 
Gone. 6 p.m. R.Ae.S., 4 Hamilton Place, 


WEDNESDAY 8—FRIDAY 10 MARCH 1961 

iith Annual I.S.A. Conference on Instru- 
mentation for the Iron and Steel Industry, 
Roosevelt Hotel, Pittsburgh, Pa., U.S.A. 
Details: Richard R. Webster, Jones & 
Laughlin Steel Corp. Res. Lab., 900 Agnew 
Avenue, Pittsburgh 30, Pa., U.S.A. 


THURSDAY 9 MARCH 1961 


_ Design, application and selection of auto- 


matic control valves by P. Stone. 7 p.m. 
M.A.N.W.E.B. Industrial Development 
Centre, Liverpool. S.1.T. 


FRIDAY 10 MARCH 1961 

Control problems of nuclear power stations 
by R. B. Quarmby. 7 p.m. Gosta Green 
College of Technology, Birmingham. S.1.T. 


MONDAY 13 MARCH 1961 ; 
A one-day informal discussion on cyberne- 
tics. I.Mech.E. 


WEDNESDAY 15 MARCH 1961 
Burst slug detection data display at Bradwell 
by J. O. Ross. 7 p.m. S.LT. é 


Initial experience on the use of a digital 
computer for burst slug detection by J. L. W. 
Churchill. 7 p.m. S.1.T. 


THURSDAY 16 MARCH 1961 

Recent developments in industrial electronics 
by E. Metcalf. 7.15 p.m. Derby and District 
College of Technology, Kedleston Road, 
Derby. S.1.T. 


MONDAY 20—THURSDAY 23 MARCH 1961 
I.R.E. National Convention, New York. 


MONDAY 20—FRIDAY 24 MARCH 1961 

2nd conference on X-ray analytical methods. 
Sponsored by Research and Control Instru- 
ments in conjunction with Dept of Geology, 
Manchester University. Details: Conference 
Secretary, Research and Control Instruments 
Ltd, 207 Kings Cross Road, London, W.C.1. 


TUESDAY 21—SATURDAY 25 MARCH 1961 

10th Electrical Engineers Exhibition, Earls 
Court. Details: Mr. Joyce, Electrical Engin- 
eers Exhibition, 6 Museum House, 25 
Museum St., London, W.C.1. 


WEDNESDAY 22 MARCH 1961 

Some impressions of instrumentation in the 
U.S.S.R. by E. N. Martin. 7.30 p.m. Cleve- 
land Scientific and Technical Institute, 
Middlesbrough. S.1.T. 


THURSDAY 23 MARCH 1961 

Electromagnetic flowmeters by Leo M. 
Bennett. 7 p.m. Lecture Theatre, Admini- 
stration Bldg, Associated Ethyl Co Ltd, Oil 
Sites Rd, Ellesmere Port, Wirral. S.1.T. 


MONDAY 27—FRIDAY 31 MARCH 1961 

3rd Symposium on Temperature—Its mea- 
surement and control in science and industry. 
Veteran’s Memorial Hall and Deshler-Hilton 
Hotel, Columbus, Ohio, U.S.A. Sponsors: 
1.S.A., American Institute of Physics, 
National Bureau of Standards. Details: 
Meetings Manager, I.S.A., 313 Sixth Avenue, 
Pittsburgh 22, Pa., U.S.A. 


TUESDAY 28 MARCH 1961 

Automatic optimisation by P. E. W. Gren- 
sted. 5 p.m. S.LT. 

The development of an optimising controller 
by P. F. Sutherby. 7 p.m. S.L.T. 


WEDNESDAY 29 MARCH 1961 

One-day conference on Lower costs and 
higher quality by instruments and control. 
College of Technology. Gosta Green, Birm- 
ingham. S.I.T. Details: D. Smith. 1.C.1 
Ltd, Metals Division, Kynoch Wks, Wit- 
ton, Birmingham, 6. 


FRIDAY 7 APRIL 1961 
One-day meeting on Aids to training in 
automatic control, at Northampton College, 











London, E.C.1. Registration: C. D. M. 
Johnston, 75 Herons Wood, Harlow, Essex. 


MONDAY 17—WEDNESDAY 19 apriL 1961 

7th National U.S.A. Symposium on /nstru- 
mental methods of analysis. Shamrock- 
Hilton Hotel, Houston, Texas, U.S.A. 
Details: Meetings Manager, I.S.A., 313 Sixth 
Avenue, Pittsburgh 22, Pa., U.S.A. 


TUESDAY 18—WEDNESDAY 19 APRIL 1961 

Science and industry—the problem of com- 
munication, Brangwyn Hall, Swansea. Regi- 
stration: D.S.1.R. Liaison Officer for Wales, 


Block II, Government Bldgs, Gabalfa, 
Cardiff. 


WEDNESDAY 19 aprit 1961 

The design, application and selection of 
automatic control valves by P. Stone. 7 p.m. 
The Conference Room, Roadway House, 
Oxford St, Newcastle upon Tyne, 1. S.LT. 


Electronic telephone exchanges by T. H. 
Flowers. 7 p.m. S.LT. 


THURSDAY 20 aPRiL 1961 
One-day symposium on Air Traffic Control. 
R.Ae.S., 4 Hamilton Place, W.1. 


THURSDAY 20 APRIL—-THURSDAY 4 MAY 1961 
Engineering, Marine, Welding and Nuclear 
Energy Exhibition, Olympia. 


TUESDAY 25 aprit 1961 
Instrumentation in the iron and steel industry 
by A. H. Pople. 7 p.m. S.1.T. 


SUNDAY 30 APRIL—THURSDAY 4 May 1961 
7th National aero-space instrumentation sym- 
posium. Adolphus Hotel, Dallas, Texas. 
Details: W. J. Gabriel, Convair Division, 
General Dynamics Corp, Ft. Worth, Texas, 
U.S.A. 


LOOKING FURTHER AHEAD 


WEDNESDAY 3—THURSDAY 4 MAY 1961 
Railway modernization. A conference 7 - 
ized jointly by I.C.E., I.Mech.E., and LE.E. 
Details : ice. 


WEDNESDAY 3—SATURDAY 13 MAY 1961 
British Columbia International Trade Fair, 
Exhibition Park, Vancouver, Canada. 


MONDAY 8—WEDNESDAY 10 May 1961 5 

4th National I.S.A. Power Instrumentation 
Symposium. La Salle Hotel, Chicago, IIl., 
U.S.A. Details: Meetings Manager, I.S.A., 
313 Sixth Avenue, Pittsburgh 22, Pa., U.S.A. 


TUESDAY 9—WEDNESDAY 17 May 1961 
International Exhibition of Measurement, 
Control, Regulation and Automation (Mesu- 
cora) and 58th Exhibition of French Physical 
Society, C.N.I.T., Paris. Secrétariat Gén- 
éral, 40, rue de Colisée, Paris, 8, France. 


WEDNESDAY 10—rFriDAY 12 MAY 1961 
Pulp and Paper Instrumentation Symposium. 
Northland Hotel, Green ~ Wisc., U.S.A. 
Sponsors: I.S.A. and T.A.P.P.I. Details: 
Meetings Manager, I.S.A., 313 Sixth Avenue, 
Pittsburgh 22, Pa., U.S.A. 


An international conference on Materia's 
handling. Southport. Details: Institute of 
Materials Handling, 69 Cannon St, London, 
E.C.4. 

MONDAY 26 JUNE—SATURDAY 1 JULY 1961 
International Measurements Conference, 
(Imeko), Budapest. Details: Prof. J. F. 
Coales, Cambridge University, Trumpington 


St., Cambridge, or Imeko Secretariat, Buda- 
pest 5, P.O.B. 3, Hungary. 


TUESDAY 27—FRIDAY 30 JUNE 1961 

A conference on the Social and economic 
effects of automation, sponsored by members 
of the B.C.A.C. Applications for tickets to 
The British Institute of Management, 80 
Fetter Lane, London, E.C.4. 


SUNDAY 16—rRIDAY 21 JULY 1961 
4th International Conference on Medical 
Electronics at the Waldorf-Astoria, New 
York. Sponsors: I.R.E., A.LE.E., LS.A. 
Details: Institute of Radio Engineers, | 
East 79th Street, New York, U.S.A. 
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Servo-mechanisms 

Servomechanisms by P. L. Taylor. Longmans, Green & Co. 
Ltd. 1960. 418 pp. £2 2s. 

The advent of yet another introduction to the business of 
control engineering causes little stir these days: an amusing 
game can be played in which one determines the new arrival’s 
place in a family tree descending from some august ancestor. 
Mr Taylor’s book is essentially a new Introduction, being 
perhaps the first to present the components and techniques of 
automatic control systems without either assuming too much 
or insulting the reader’s intelligence, and then introducing the 
theory based on a rigorous use of the complex variable. The 
publishers must also be congratulated on producing this pro- 
fusely illustrated and well ordered book at such a reasonable 
price. 

The author has set out to write an introduction to the 
practice and theory of linear feedback systems for students in 
search of a diploma or degree. Not only has he succeeded in 
this but he has also provided the physicist, chemist and other 
specialists with a book to browse in should they find them- 
selves oscillating wildly after a first step-input of servo jargon. 
A particular point of interest is the collection of notes after 
each chapter should the student wish to meditate more deeply 
on the text, and there is a complete set of examples at the 
end of the book—-with the answers. 


The book is divided into three parts. Part I (three chapters) 


introduces the fundamental ideas behind automatic control and 
conducts a brief survey of computation and data transmission. 
Part II (ten chapters) examines from the control engineer's 
point of view the behaviour of the various elements with 
which servo-mechanisms are familiarly constructed. Detail has 
to be limited when the discussion includes static and rotary 
amplifiers, phase-sensitive rectifiers, electrical, hydraulic, and 
pneumatic machines. But there is more than enough for the 
uses and limitations of each component to be understood so 
that a transfer function for both command and disturbance 
may be derived. Part III (six chapters) deals with the theory, 
in particular that for the analysis of dynamic behaviour 
(design and synthesis are not covered). These chapters came as 
a welcome surprise and are alone worth the cost of the book. 
The analysis of the transient and harmonic response of a linear 
system is based on a model discussion of the theory of the 
complex variable. The result is a section on servo-analysis of 
unusual power for an Introduction, and a fitting close to a 
text that should be of great use to all students of control 
engineering. P. K. M’PHERSON 


Temperature 


Temperature Measurement and Control by W. F. Coxon. 
Heywood & Co. Ltd 1960. 314 pp. £3. 


The text is mainly derived from the British Standard Code 
(1041:1943) on Temperature Measurement, the Instrument 
Manual, Young’s Introduction to Process Contril Systems 
Design, and various manufacturers’ publications. A book of 
this nature inevitably suffers in its construction, since the 
matter from diverse sources cannot be well balanced or bound 
together without gaps and repetitions unless it is completely 
rewritten. While the material from the B.S. Code and Young’s 
book is reproduced almost word for word, attempts to para- 
phrase or abbreviate have led to several very unfortunate 
errors and ambiguities. 

The first two chapters present rather a hotch-potch of data 
on the physics of heat and electricity and the principles of 


142 


thermometric instruments, the latter often anticipating the con- 
tent of later chapters in a perfunctory way. Chapters on the 
methods of thermometry are followed by descriptions of com- 
mercial instruments: these descriptions will be of practical 
interest to the budding control engineer and it is a pity that 
they are confined to so narrow a selection of manufacturers. 

A chapter on automatic temperature-control deals with the 
basic elements of automatic systems and then describes a 
number of components and practical systems: these are all 
pneumatic, although the table of detecting and measuring ele- 
ments refers mainly to those having electrical outputs. Finally 
some typical installations are described. 

The many line drawings are well produced but the index is 
not adequate. 

For a general introduction to the subject, this book serves 
its purpose, but its value is diminished by the occasional loss 
of accuracy suffered by the material in transcription. 

K. M. GREENLAND 


Computers 


Digital Computer and Control Engineering by Robert Steven 
Ledley. McGraw Hill Publishing Co. Ltd. 1960, 835 pp. 
£5 12s. 6d. 


The first thing to note about this book is that, to readers of 
Control at least, the title is more than commonly misleading. 
Only passing reference is made to the use of digital computers 
for control purposes, by way of illustration of their various 
applications, and a less confusing rendering of the title might 
be ‘ Digital Computers, their Logical Organization and Design ’. 

The book falls between two stools. As ‘. . . a compre- 
hensive elementary engineering textbook . . .’ it is of a length 
more appropriate to a work of reference, this being attri- 
butable to attempts at clarification by means of detailed ex- 
amples rather than by an unencumbered exposition of funda- 
mental principles. Thus, it is at once too long for students, 
and contains too much redundant matter for experienced prac- 
titioners. It should be said, too, that the techniques which are 
developed are applicable mainly to complex digital systems, 
and that logical designers who are interested only in small 
computers or lesser systems would be well advised to seek 
their background elsewhere. 

Despite the fact that the mathematical presentation of basic 
theory tends to obscure its underlying principles, this formal 
approach is particularly elegant, and is aided by excellent dia- 
grams and illustrations. 

The text is divided into five main sections, the first of which, 
leading up to programming, is always a difficult subject to get 
over in general terms, This attempt is only partially succéss- 
ful, owing to the tendency to use too many examples, and 
these in a degree of detail which saturates the mind of the 
average reader. Starting with an excellent introduction to 
numerical analysis, the second section concludes the discussion 
of overall design by considering that of a particular computer 
invented by the author, subsequent sections being illustrated 
ad nauseum by its detailed design. The next two sections, deal- 
ing with logical design, open with a clear account of the 
necessary concepts of Boolean algebra, from which the method 
of design of optimum switching networks is developed. In the 
formal approach to the design of arithmetic units, there is a 
tendency to lose sight of the objective; for example, there 
is much detail on the best arrangement of gates in a parallel 
adder for a given carry propagation speed, but no mention of 
the techniques used to increase the carry speed itself. In con- 
trast to the rest of the book, the last section, on electronic 
design, is confined to principles, with no examples of practical 
design, and appears to have been added for completeness 
rather than for usefulness. In summary, this book will appeal 
to the more theoretical among us who are involved in the 
overall logical design of complex digital systems. 

R. A. MORLEY 
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